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PREFACE 


A 'I'REATISE on technical Inorganic Chemistry, which includes 
accounts not only of the more important industries, but 
also details of the minor ones, has been a long-felt want 
amongst practical business men interested in chemical processes 
of manufacture. 

The |)resent work forms a continuation, or supplement, to the 
Editor’s “ Treatise on Industrial Organic Chemistry,” which has 
evidently filled a gap in chemical literature. It embraces both 
British and American practice, and affords, so far as is ascertain- 
al)le.,in view of the many secret processes employed, thoroughly 
u{)-to-date information regarding the various branches of chemical 
industry and of manufactures having a chemical basis. 

The work, which has been carried out on the lines of the 
previous treatise, has been written under very formidable 
difficulties, for not only have several years been s])ent in its 
compilation, but before its completion the great War broke out 
and dispersed many of the contributors in the fighting ranks 
throughout the world, one at least, the late Major L. Foucar, 
having been killed in action before his article could be completed. 
It is a great satisfaction to the Editor that he has been able to 
bring his task to a conclusion in spite of these obstacles. 

I'he immensity of the subject, and the large number of 
industries embraced under the comprehensive title “ Industrial 
Inorganic Chemistry,” has necessitated the division of the work 
into two volumes. 

The Editor has been fortunate in securing,the co-operation 
of a distinguished body of contributors, all of whom are experts 
in their particular subjects: their names and attainments, as 
enumerated on the title-pages of the two volumes and more 
specifically in the list of contents, are a guarantee that t|ie 
minutest care has been exercised to ensure accurate descriptions 
of the industries concerned, and to these gentlemen the Editor 
owes a considerable debt of gratitude, and to many other pro¬ 
fessional friends who have supplied information or given help 
in “subjects in which they have specialised. ^ 

One great difficulty in compiling such a treatise is the extra¬ 
ordinarily rapid advance in scientific invention in many industries. 
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PREFACE 


Almost over-night (so to speak) new industries arise out of 
impro\emcnts er inventions, the details of which it is almost 
impossible to procure. 

•In carrying out the work, however, .special [lains have bdoi 
taken to ensure that the most recent available data, and the most 
modern processes, have been described. Much of the information 
is published in book form for the first time, and many of the 
descriptions of new processes and modern plant have been supplied’ 
by the courte.sy of industrial chemists and leading firms of Europe 
and America. 

Patent literature has been utilised to the fullest extent, since 
many patents, although impracticable, often cont.iin the germs of 
valuable ideas. Indeed the Piditor ventures to claim that such a 
copious reference given to the technical and patent literature of all 
countries has not appeared in any similar work published in 
I'inglish, and he hopes that by this means a reader who desires 
further details re.specting any process described will be enabled, 
without difficulty, to refer to the original source. 

The Editor's aim is to cover the whole range of subjects 
with which the industrial chemist and manufacturer are usually 
concerned, and to present a book which would serve either as 
a text-book or as a work of reference to meet the retjuirements 
of business men interested in chemical processes, chemists, 
chemical engineers, patent workers, inventors, students, and 
others. He trusts the work will be found to carry out this 
object, and that it may jirove of real utility to all interested in 
chemical manufacture. 

It should be mentioned that while the title indicates that only 
Inorganic Comjiounds are dealt with, it has been found advisable 
to include, in the sections on Disinfectants and Anti.sejitics, a 
number of Organic Compounds which fall naturally tmder these 
headings, since the removal of them from such sections would 
largely de.stroy their value. 

Although every care has been taken in the production of the 
work, y'et, in viet^of the mass of detail involved, it is impo.ssible 
that all errors have been eliminated, or that in every case the 
best proce.sses have been described. The I'iditor wall, therefore,, 
be grateful if readers will kindly inform him of any erroneous 
statements, or will call his attention to any serious omissions. 

On the other hand, he would be plea.sed to help such readers 
who have difficulty in carrying out \ arious processes described if 
they would communicate their difficulties to him. 

, GEOFEREY MARTIN. 


lajNDON. December iqi6. 
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INDUSTRIAL & MANUFACTURING CHEMISTRY 

(INOROANIC) 

SECTION I 

SOLID FUELS 

By Alfred B. SEx\rle 

LITERATURE 
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The Journal of the Society of Chemual ImiusHy and the Journal of Gas Lighting, together with 
the chief engineering and colliery journals, have tlie most recent information, especially as regards 
plant and proces.ses. 

Fuels are materials whose chief value lies in their use for the production of heat. 
They may be solid, liquid, or gaseous in form, and of great diversity of composition. 
Most fuels, however, owe their value to their content of carbon or hydrogen, or to 
both these elements. In some instances, fuels are of minegil origin exclusively, 
as the sulphur used in Sicily in smelting sulphur ores, or the combined sulphur in 
pyrites which assists in the roasting of that ore. The silicon, manganese, and 
phosphorus in iron used in the Bessemer process of steel manufacture also act as 
fuels, and in a few cases the beat produced by chemical reactions is sufficient 
to raise the products to the desired temperature without the use of additional fuel. 
The use of magnesium and aluminium as fuels is the essential feature of “ thermite " 
welding and similar processes in which an intense local heat is required. The 
temperature attainable by this means is estimated at 3,000“ C. It is not customary 
to regard an electric current as a fuel, though the use of it in electric furnaces and 
in radiators effects all the usual results demanded of a fuel, and frequently permits 
temperatures to be obtained which would otherwise be impossible. In Oilher cases 
also the use of electricity as a source of heat is more convenient than that of a fuel. 

Classification of Fuels.— The following classification of fuels is usually 
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adopted, and, although it omits silicon, sulphur, phosphorus, and other special 
fuels, it answers almost every purpose:— 


I. ^olid Fuels — 

(a) Natural— 

(i) Wood. 
{2) Peat. 

(3) i-ignite. 

(4) Coal. 


{h) Prepared— 

(1) Charcoal. 

(2) Charred Peat. 

(3) Coke. 

(4) Semi-coke (Coalite). 

(5) Briiiuettes. 


II. Lujuid Fuels (Section III.)— 

(a) Natural oils. 

III. Gaseous Fuels (Section XIII.)— 
(n) Natural gas. 


lb) Distilled oils and spirit. 

(/') Prepared— 

(1) Coal-gas. 

(2) Produeer-gas. 

(3) Water-gas. 

(4) Oil-gas or air-gas. 

(5) Acetylene. 

(6) Hydrogen. 


Wood. —Wood,is the partially hardened vegetable tissue of trees and bushes, 
the smaller pieces being distinguished as brushwood. It i.s ])rindpally composed 
of cellulose, C,.,H,„0,,, its composition being |iracttcallv the same in every kind of 
plant producing it. .Some variations are naturally observable, but a fair average is :— 


Ciirlion 
Hydrogen • 
()xygcn 
Nitrogen - 
Ash • 


Pure C'ellulnsc. 


44-4 

6.2 

49.4 


100.0 


Avtr.xgc Wood 
(Dried). 


50-3 

6.2 

40.4 

]*0 

2.1 


100.0 


Wood usually contains a large proportion of water; in freshly felled wood it 
may amount to 50 per cent., or more, and wood which has been laid aside to dry 
without heat (“air-dried wood”) will usually contain 20 per cent, of water. When 
the wood is burned, this water is converted into steam, the evaporation absorbing 
a large proportion of the heat in the fuel. 

The ash or mineral matter in wood is not an impurity, but an actual constituent 
of the plant, the ele|nents in the growing plant being in a highly complex state 
of combination which is destroyed when the wood is burnt. If the burning has 
been complete, the ash will usually be white, or slightly reddish in woods containing 
iron compounds. Black particles are usually pieces of incompletely burnt wood. 
Wood ash consists principally of potassium carbonate with variable quantities of 
calcium, magnesitim and sodium carbonates, and lesser quantities of iron oxide, 
alumina and silica. 

In spite of its convenience and extended use, wood is not a good fuel, as it 
contains so large a proportion of w.-iter and but little available hydrogen relative 
to the total hydrogen present. 'I'he calorific or heating power of wood is only 
5,600 B.T.U. when air dried, and 7,000 B.T.U. when kiln dried at 140° C. 
There is tot little difference in this respect between the harder and softer woodk. 

The chief value of wood as a fuel lies in (a) its ready inflammability, which 
makes it useful in starting the burning of other fuels, (h) the length of flame 
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produced on burning, and (c) the small amount of ash and soot produced. This 
last quality makes wood specially useful in certain industries, as in the melting 
of glass in small works and in the firing of porcelain and some other kilns and 
fi^naces where a “ clean heat” is essential. The maximum temperature attainable 
with wood alone is not great, and is largely dependent on the amount of water 
present in the fuel. Wood should, therefore, be dried carefully before being 
burnt, the best results being obtained by drying it at a tenqrerature of i25‘’-i4o° C. 
This is usually effected by storing it in “a warm place.” If wood is heated to 
160“ C. or more, it is decomposed, forming a number of volatile products and 
(if air is excluded) a black residue of charcoal. 

The decay of wood-forming plants under suitable conditions of moisture and 
temperature le.ads to the production of a number of other fuels, of which peat, 
lignite, and the various kinds of coal are the most important. 

Peat. —When vegetable matter is allowed to decay it forms a light brown 
material bearing some resemblance to peat, but its nature dejiends largely on the 
nature of the origin.al plant and on the manner of its decomposition. Most of the 
British peat deposits are due to the decay of certain mosses (Sphagnum), but in 
other lands it has a different origin. The older deposits are naturally the furthest 
from the surface, and are usually much darker in colour and considerably more 
dense. The usual source of pejit is the peat-bogs which abound in some localities, 
as in Cheshire and in ceirtral Ireland. The material is cut with small spades, and 
is dug out in the sha|)e of blocks not unlike an ordinary building brick. 'J’hese 
blocks are then piled one above the other so as to permit them to dry as much as 
])ossible. Freshly dug ])eat contains 90 per cent, or more water, and even after 
drying in the open air it c<intains 20 per cent, of water. Drying by heat in hot 
chambers is found to be unprofitable. On the Continent—where more attention 
is paid to the use of [leat as fuel than is the c.ase in this country—steam navvies 
arc employed in some localities for its removal, and varitjus other elaborate devices 
are employed for draining moors and bogs in order that the peat they contain may 
be obtained in a sttite of dryness sufficient to permit of its convenient treatment. 
The chief feature of these machines is the distance from the wheel-base at which 
they can work. Peat-bogs do not permit of a good foundatioir for a heavy machine, 
and even the construction of rafts involves great difficulties : hence the most 
successful machine for getting the softer and wetter peats consists of a very long 
arm provided with buckets, driven from the portable engine which forms the main 
part of the machine, so that the whole acts somewhat like a dredger u.sed for the 
removal of silt from navigable rivers. The wet turf or peat obtained in many 
Continental bogs is too soft to be piled up, and must be compressed into briquettes 
before it can be stacked out to dry. 

A method proposed by Engelhardt for the removal of most of the water from 
peat consists in heating the peat with water under slight steam pressure in a boiler. 
The heat causes some decomposition of the slimy constituents of the peat, and 
the heated material may easily be pressed mechanically into blocks which eftntain 
considerably less moisture than the best air-dried peat. Untotunately, this process 
* has not been developed, as its inventor died shortly after the jmblication of the 
outline of his method. In those instances where it was tried under his supervision 
it appeared to hold great prospects of success. 

Solidified peat may also be prepared by a process patented by Gwynne in 1853, 
which consist.s in drying the peat in a hydro-extractor, grinding it to powder, and 
then pressing it into blocks in presses, the dies of which are heated. 

Peat is very variable in composition, but bears a considerable resemblance to 
wood, though usually containing much more ash (average 3-3 per cent.). Peat ash 
is largely contaminated with the soil from the site in which the mosses originally 
^rew, and it is usually richer in iron oxide than the ash of living plants of the 
present day. * 

Peat has a low calorific power—seldom exceeding 5,000 B.T.U.—so that weight 
/or weight it is not half as valuable as coal. When burning, peat falls to powder 
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and tends to extinguish itself unless frequently stirred; it is, therefore, an 
unsatisfactory fuel, should only be used after the most careful consideration. 

Many patents have been obtained for the diying and utilisation of peat, but most of them are 
of little or no commercial value. In many instances the drying of the peat in the manner suggested 
in the Patent Specification would prove technically impossible under the conditions prevailing'it% 
the peat-bogs, or financially unremuneralive. It is, of course, possible that some of the processes 
which arc now unsatisfactory may \k developed in some unexpected manner and become a source 
of profit, though it is, at present, impossible to see how this can occur. The application of new 
methods may also prove to iic of greater importance than they now appear to be: the patents 
taken out in Germany by Graf Boihe Schwerin und Farbwetke vorm Meisler Lucius & Briining 
in 1900-1904 are of this class. They are based on Quincke’s discovery that when a solid is 
suspended in water (particularly if it is of a colloidal nature) and subjected to a suitable electric 
current, the solid portion will travel to one pole and the water will travel towards the other. Hence 
a wet substance will tend to lose some of its contained water, and will be obtainable in a drier form 
tluin that in which it originally occurs at the positive pole. This electro-osmosis process lias been 
used in a Prussian peat plant for several years, and is successful in reducing the water-content of 
the peat from 85-60 per cent. The product is then dried by steam until it only contains 
20 per cent, of water, the drying being faciliuued by the previous electrical treatment. Such 
treatment is scarcely applicable to British peals, as they do not possess the peculiarly fluid nature 
of the Prussian one, and C(»nscquenily c.in be air dried li> an extent which is impossible with the 
latter. 

There is greater promise of usefulness in Gercke's process, in which the peat is heated in a 
boiler, the steam produced being used for engine-driving, and the hot peat being removed and 
used for fuel. The process is made continuous l>y means of a screw conveyer in the boiler, which 
nu:>hcs the hot peat out of the latter in a small but steady stream. The difticulty which is the chief 
factor against this process is the unsuitability of peal-bogs as sites for industrial purposes. 

It has already been stated that the drying of peat bj' artificial heat is 
unremunerative. For this reason the use of gas engines driven by “peat-gas” is 
not likely to be useful except in the immediate vicinity of the peat-bogs, and as 
these are situated in localities unfavourable for large industries, the use of such 
peat-gas must be extremely circumscribed. 

A suggestion which seems worthy of greater consideration tiian it has hitherto received, 
advocates the erection of an electric power station on an edge of a peat-bog, and driving the 
dynamos by engines whose source of power is peat. Tliis problem is not as simple as appears at 
first sight, but it holds out more possibilities than many other suggestions, inasmuch as electricity 
can be carried over great distances without serious loss in transport—a characteristic which is 
possessed by no other form of power. 

The production of peat charcoal is described later. 

Lignite. —In the various stages of transformation of living plants into coal, the 
various materials classed together as lignites or Braunkohle are important as being 
intermediate in character between the plant and the final product of coal. The 
lignites may, in fact, be regarded as incompletely formed coals. 

In Central Europe, lignite deposits form an important source of fuel, but in 
Great Britain they are comparatively unimportant, the chief deposit being at Bovey 
Tracey in Devonshire. 

There are several varieties of lignite, including brown COal, pitch coal, moor 
coalf jet, etc., but they are of no commercial value in Great Britain, as they are all 
inferior to ordinary tPal and are only used in those countries where the latter is 
inaccessible or inordinately costly. 

In composition, lignites vary greatly, particularly as regards their ash-content. 
If their composition is calculated on the assumption that they are free from ash and 
water, most lignites conform fairly closely to the following average composition ■ 


Carbon - 
Hydrogen 
Oxygen -- 
Nitrogen - 


50-77 per cent., averaging 63 per cent. 
3-5 per cent. 

25-36 per cent., averaging 32 per cent. 
0-2 per cent. 


Like i^t, the lignites contain a large proportion of water—from 18-60 per rent. 
—which must be removed either by drying in the open air or by artificial means. 
On the Continent, they are used chiefly in the form of briquettes and then ignite 
easily, burning with a long, smoky flame. They ate also used in the manufacture 
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of a form of peat charcoal (p. i8). Their calorific power is intermediate between 
that bf peat and coal. * • • 

Coal. —By far the most important solid fuel .is coal, and it is one of the 
cftriosities of technology that there is, at present, no really satisfactory definition of 
this material. One of the least objectionable definitions states that “Coal is a 
mineral substance of a dark brown or black colour, composed of the remains of 
plants and containing such proportions of carbon and hydrogen that it can be used 
as a fuel.” Its origin is by no means fully understood, much that has been written 
in various geological and other text-books being purely conjectural and not accepted 
by those living scientists who have given most attention to the subject. The 
general consensus of opinion is best appreciated by reading Dr Arber’s “ Natural 
History of Coal” (Cambridge Manuals of .Science). 

The literature of the geology of coal and the methods of mining it is very/i 
extensive, and the number of different coals now known is very large; the following 
are, however, the most important:— 

Bituminous coal (ordinary coal). 

Anthracite. 

Cannel coal (gas coal). 

Bituminous Coals burn with a yellow, luminous flame resembling that of 
bitumen from which they derive their name. They are usually black in colour, and 
those in Great Britain belong almost exclusively to what is known geologically as the 
Coal Measures of the Carboniferous period. iVhen examined in. the form of thin 
slices under the microscope they are found to consist of a yellow, semi-transparent 
material due to the spores in the plants from which the coal is derived, together 
with a darker, opaque material, the nature of which is imperfectly understood. 
I'hese coals are widely distributed in Great Britain, and though their general 
occurrence is well known, the boundaries of some coalfields cannot be defined with 
certainty as they are hidden by rocks of a more recent formation. This is 
particularly the case with the eastern and south-eastern extremities of some of the 
Midland coalfields. Generally speaking, the largest industrial centres are situated 
conveniently near the coalfields, though this is not invariably the case, London 
being a prominent exception. 

As the precise nature of coal is far from being completely understood, it is 
impossible to classify it satisfactorily. The chemical composition of coals only 
affords an approximate idea of their nature, for in spite of extensive investigations, 
the identity of the chemical compounds which constitute coal has not been 
identified. The ease with which these compounds are decomposed by heat, the 
complex nature of the decomposition products and the difficulty of isolating any 
compounds without first destroying the original composition of the material all unite 
in rendering the chemistry of coal one of the most complex branches of science. 
The results of an ordinary analysis lead to no definite conclusions as to the* actual 
compounds present, and it is therefore convenient to classify«oals by their technical 
uses rather than in accord.ance with their composition. The following classification 
is convenient, though not free from objection on the score of overlapping:— 

1. Long-Flamed, Non-Coking Coals, abundant in Scotland, Derbyshire 
and Staffordshire, and u.sed for blast furnaces. These coals produce a considerable 
quantity of gas and tar on distillation. In blast furnaces, the gas produced yields 
20-25 lbs. of ammonium sulphate per ton of coal burned, and is therefore worth 
recovery. 

2. Gas Coals burn with a long, luminous flame, and yield-a soft caked coke. 
Their chief characteristic is the proportion of gas produced on distillation, this 
'being seldom less than 18 per cent, or 10,000 cub. ft. per ton. These coals are 
al^o in great demand for reverberatory furnaces, where a long flamews required, 
and for a variety of other purposes. 

3. Furnace Coals are somewhat less expensive than the coals previously 
mentioned, and are used for general purposes. They are also known as house coals 
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and steam coals from the fact that they are suitable for domestic purposes and for 
Hieating steam boilersf They produce a good coke of moderate compactness, but 
do not evolve so much gas or burn with so long a flame as the coals in the two 
former .classes. They are, therefore, less suitable for reverberatory furnaces, bflt 
excellent for other furnaces and kilns. They cannot be used in blast furnaces, as 
the coking is detrimental to the movement of the ore in the latter. 

4- Cokings Coals are those which are specially suitable for the production of 
coke of a solid, hard, and colierent nature. They burn with a relatively short 
flame, and produce very little gas. Whilst primarily used for coke-making, they 
are also suitable for domestic purposes and for furnaces in which a short flame is 
required. 

5. Anthracites or Smokeless Coals are more highly carbonaceous than 
other coals, and are more difficult to burn. They give an intense local heat, little 
flame, and are not particularly adapted for general use. They are chiefly employed 
for heating boilers and occasionally for smelting iron. Anthracites appear to he 
coals which have undergone a further decomposition and condensation. They 
occur chiefly in South IVales, at the western end of the ordinary coalfields in that 
country. 

6 . Cannel Coals —used almost exclusively for gas-making—form a distinct 
class, and cannot be included among the bituminous coals, as their mode of 
formation and general characteristics are different. They burn with a long, 
luminous, and smoky flame, with a crackling sound, and for this reason are often 
called parrot coals. 'I'he jtoorest cannel coals bear a close resemblance to shales, 
and are of little value. 


The various classes of useful coal are shown in the following table, 
but for further details some of the larger books on Coals and 
the publications of the Geological Survey should be consulted. 
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Impurities in Coal consist chiefly of water, ash, sulphur, chlorine, and 
phosphorus compounds. 

The water found in freshly mined coal will usually evaporate if the coal is 
allcSved to dry in the air, but excessive exposure should be avoided as oxidation 
changes occur which reduce the healing power (see p. 19). Coal which is moist 
and stored in closed spaces is liable to become heated in consequence of internal 
chemical reactions of an obscure nature. It must, therefore, be watched to see 
that it does not set itself on fire—a danger to which it is particularly prone on 
^oard ships. 

The ash, left when coal is burned, is objectionable in some industries, because 
of its reaction with the materials or articles being heated. It varies greatly, both 
in amount and composition, but should not ordinarily exceed 5-8 per cent. In 
all cases a large percentage of ash is objectionable as involving a heavier cost for 
transport, and the necessity of putting a larger quantity of coal on the fire and of 
removing the excessive amount of ash. Some firms insist on the coal merchants 
making an allowance proportionate to these additional costs, when the ash is above 
5 per cent. It is obvious that a coal with ro per cent, of ash involves an additional 
cost of about 8 per cent, as compared with the same coal containing only 5 per 
cent, of ash. This may not matter on a single ton, but for a firm using only 300 
tons per year it means a waste of 24 tons. 

The sulphur, chlorine, and phosphorus in coal are important in some industries. 
The first and last are objectionable in metallurgical work, and the chlorine is liable 
to cause corrosion of boiler tubes. The proportion of these elements cannot be 
determined by an analysis of the ash as they are to some extent volatile under the 
conditions under which coal is burned. They may be retained by mixing the finely 
ground coal with powdered lime, heating the mixture in a muffle and analysing the 
residue. 

Valuation of Coals.— 'I'he usual methods adopted in purchasing coal are crude 
in the extreme, and are based on a failure to recognise that coal is a material which 
should be bought, like other chemicals, on its composition, or like other forces on 
the work which it will accomplish. The fact that it is a naturally occurring substance 
does not relieve purchasers from the necessity of ensuring that it is of the quality 
they require for their work, nor does it justify colliery proprietors in charging the 
same price for coals of different heating powers. 

Coal is usually valued by its appearance, hardness and size of particles. What 
is termed “ run of mine ” is the coal which is brought direct out of the pit and 
delivered to the customer. For most purposes, however, the coal is sorted by 
passing it over screens with holes of various sizes. The largest lumps are thus 
separated and are sold at higher prices, though they do not necessarily have a 
higher heating power than some of the smaller pieces. Where the coal is to be 
stacked, it will be wisest to purchase the large lumps, but for ordinary furnace and 
boiler purposes it is more satisfactory to use pieces which are not more than 5 in. 
or less than i in. diameter. These are known by various, names in different 
localities, but they are characterised by the fact that most of the earthy material 
(which would form ash) has been removed by screening out the finer particles, 
whilst the necessity of breaking up the unduly large pieces is avoided, hloreover, 
the prices obtainable for the large lumps enable the colliery proprietors to sell the 
smaller pieces at a lower price. 

“ Small coal ” is that which has passed through the smallest screen and contains 
a large proportion of ash-forming material. It is sold at a low price, but is 9 ot as 
economical as appears at first sight for it is usually difficult to burn, is low in 
heating power and contains ash of a nature which is liable to give a great amount 
of trouble. The large quantities of small coal produced have, however, made it of 
confmercial importance, and various ingenious devices have been invmted for its 
efficient combustion. Where such can be used, the value of the coal will be deter¬ 
mined by the cost of installation and maintenance and by the amount of labour in¬ 
volved in the handling of the ash and the cost of its disposal by tipping or otherwise. 
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In all fuels, the essential characteristic is the heating power under the con¬ 
ditions in which they are to be used, or under such modified conditions as are 
applicalile to any particular case. The value of a fuel should therefore be based 
on this fact, though this is seldom done. The nearest approach to it isfthe 
comparison of the costs of burning various test samples under “ average conditions,” 
but this is, at best, a crude process and depends too much on the idiosyncrasies of 
the fireman to be really reliable. 

Earnest endeavours have been made in various directions to base the value of a 
coal on its calorific power, that is on the amount of heat which it will develop under 
certain experimental conditions. These conditions vary according to the form of 
instrument used, but at the present time it is customary to burn i g. of the coal in 
an atmosphere of oxygen in a closed vessel surrounded by cold water. The coal is 
ignited electrically, the combustion is almost instantaneous, and the heat evolved 
raises the temperature of the containing vessel or “ bomb ” and of the surrounding 



Fir.. I.—Mahlcr-O)ok Calorimelcr. 

(Fy the courtesy 0/Ma^rsJ. J. Cnffin isA Son Ltd.) 


water. The weight of the bomb and the water being known, the amount of heat 
evolved is measured by multiplying these by the specific heats of the material* and 
by the rise in the temperature of each. 

Fig. 1 shovv, the Mahler-Cook caiorimeter. The bomb or combustion clmmber is made of 
steel 8 mm, thick, enamelled inside, nickcl-platcd outside. The oxygen enters through 
a valve in the cover, and the fuel, jdaced in a platinum capsule inside the apparatus,^ i& 
surrounded by a very fine platinum fir iron wire. The fuel is weighed, placed in the combustion 
chamber, the igniting wire is weighed and adjusted, the top is screwed down, and oxygen from the 
oxygen cylinder is then allowed to enter until the pressure gauge registers 25*30 atmos|mcres. The 
valves are then closed, the oxygen cylinder and gauge are removed, and the bomb is placed 
carefully in an accurately measured volume of water (aljout 2,500 c.c.) contained in a copper*Uned 
vessel with an aluminium cover and stirring gear. A Beckmann thermometer, reading to 
one-hundredth of a degree, is adjusted so that it will read slightly above sero at the temperature 
of the water in the calorimeter. The stirring gear is set in motion, and ten readings arc taken 
at half-minute intervals so as to determine accurately the temperature of the water before the 
combustion. The stirring is then stopped, and the fuel is ignited by passing an electric current 
from an accumulator through the wire. The stirring is then resumed, and the maximum rise of 
temperature of the water in the calorimeter is noted, by taking readings at intervals of half a minute 
until the maximum temperature is reached. Corrections have to be introduced for the amount^ of 
nitric acid formed by combustion (which is determined by washing out the bomb, and estimating 
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'volumetrically the nitric acid), the heat capacity of the vessel, etc.; they are l)est ascertained by 
burning i g. of naphthalene, which has a calorific power of 9667.8 calorier^per gramiiie. The true 
maximum temperature is higher than the observed maximum, and should be ascevtainea by extra- 
|)olation on a graph. 

, -C • .1 T(W4-W’)-(o.23//+i.6/') 

Then calorific power required =5 —5 --y - - 

Where T=corrected rise of temperature. 

W s= weight of water in calorimeter. 

W’ —water etjuivalent of apparatus (which must be determined by experiment). 

«=M’eight of nitric acid produced,/= weight of spiral wire. 

F=weight of fuel used. 

A simpler calorimeter, which consists of a modification, by Rosenhain, «if the calorimeter 
invented by Lewis Thomson many years ago, is sliown in Fig. 2. It consists of an outer case of 
wood, provided with two windows for oljservalion purposes. In this case is the calorimeter 
vessel containing a weighed or measured amount of water, and in the water (when the apparatus 
is in use, but shown at the side in Fig. 2) is the combuslitm chamber, consisting of a glass 
cylinder closed at the top and bottom by brass plates, the 
upper plate carrying the electric ignition app;iratus, a holder 
for the sample of luel, and a small tube through which 
oxygen can be passed through the apparatus. A l)a]l-valve 
permits the oxygen and gaseous products of combustion to 
escape and bubble thr«)ugh the water, but prevents any 
water entering the combustion chamber. Exactly 2 g. of 
the sample are placed in a small silica dish in the holder, 
the combustion chamber is lowered into the water, and 
oxygen is pas-ed through llie apparatus. The fuel is 
ignited electrically, and when combustion is complete the 
passage of the gas is continued until a maximum temperature 
has been reached in the water. No stirring of the water 
is needed, as the mi.xing is effected by the gases bubbling 
through it. The temperature reached hy the water is then 
«sed to calculate the anmunl of heal developed in the com¬ 
bustion of llie gi\en weight of fuel. The loss of heat due 
to that absorbed l)y the instrument, escaping gas, etc., is 
determined by burning a standard fuel which has been 
tested under stringent conditions. 

In the Roland Wild calorimeter the comlmMion of 
•the coal is effected by mixing the fuel with sodium per¬ 
oxide, and starling the combustion by means of an elec¬ 
trically healed wire. 

It is obvious that, no matter how accurately 
the determination is made, the result obtained 
can supply no information as to the useful value 
•of the coal in an ordinary boiler or furnace where 
the conditions of its combustion are entirely 
■different. In fact, the calorific power of a coal 
'merely shows the maximum heat which can be developed by its combustion under 
the most favourable conditions. It is not surprising, therefore, that coals valued by 
this method do not agree with the results of actual experience when the same coak 
.are burned in boilers or furnaces of standard design, and unfortunately there is 
no means of correlating the two. As furnaces are improved, the discrepancies are 
■materially reduced, but even with the best furnaces now in use there is no clearly 
■established relationship between the calorific power of a coal, as determined ih a 
-calorimeter, and the amount of heat actually available in a furnace or boiler. It is, 
indeed, very questionable whether such a relationship will be found, for the 
■conditions in each case are so different. Consequently, the calorific power of a coal 
is only of value in sorting out coals of different qualities, and it cannot be used tc 
-determine which of two similar coals will be most satisfactory in a given boilei 
or fiirnace. ^ 

The nearest approach to the calorific power, as ascertained in a calorimeter, 
is obtained when dry coal dust is- burned in a special form of injector (see 
Section IV., p. 42). 


t 



Fin. 2.—Rosenhain Calorimeter. 
(liy the courtesy of the Cambridge Scientific 
instrument Co. Ltd.) 
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The following table shows the calorific powers of a number of fuels and 
fuel constituents:— ' 

Cai.orific Power of Various Fuf.i.s. 



Calories. 

li.T.U 

_ _ 

Carbon solii .1 to carbon dioxide 

8,oSo 

14,554 

20,388 

Cai bon gaseous to carbon dioxide - 

!1.36S 

Carbon to carlion monoxide 

2,416 

4,350 

Ilydrf^en 

34,180 

61,524 

Marsh-gas (CHJ ..... 

13.346 

11.823 

24,021 

Ethylene (CoH^) . - . . . 

21,343 

Sulphur 

2,220 

3.966 

Wood (air dried) ..... 

2,900 

5,220 

Wood (slo\e drie<l) - • - • - 

3 . 75 ‘> 

6,750 

648 

Peal (air dried) .... 

3,600 

Peal (stove liried) - • - - 

5,000 

9,000 

Steam or furnace roid 

7,800 

1,404 

Inferior coal ..... 

7,000 

14,400 

Anthracite ...... 

8,000 

12,780 

Coke ...... 

7, 10 f 3 


Attempts have also been made to estimate the value of a coal from its 
composition, and various formula; have Ix'en devised with a view to calculating the 
calorific power from the composition of the coal. 'I'hese calculations cannot he 
quite correct as they are based on several erroneous assumptions; for instance, it is. 
assumed that the chemical compound is the same in all coals, that the elements, 
evolve the same amount of heat as if they were burned in the free state, and that the 
conihustion of the carbon is complete, only carbon dioxide being formed. 

The most frequently used of these formulae is a modification of that of 
Dtilong, viz;— 


Calorific power = 


( 7 ,, C.+ 4 .a 6 .S(/„ H.- 
100 


O. )1 X 14,544 


K.T.U. 


/••I -fi {”/„ C. + 4.265(7, H. i- 0 . 7 )lx 8 o 8 o , . , 

Calorific power “ ' calories.' 

100 

In many inslaru-cs this formula agrees with the results uf a caloriiiieliic test, hut this is of smalt 
value to the actual user ol the coal, lor the reasons already explained, and consequently the results 
of an analysis of the coal arc uf similarly small value. The chief value of an analysis is that it shows 
the proportion of deleterious substances present, and so enables coals high in ash and in un¬ 
available hydrogen, etc., to be tlistinguishetl from others. It does not enable the actual value to the 
user to lie determined in .several coals of different origin and texture, but of similar composition as 
regards the proirortion of ash, carbon, hydrogen, and oxygen. 

Unfortunately, there is no reliable method of determining the relative value 
of two similar samj^los of coal, so liir as the user is concerned, and the best 
that can be done is to gain what small information is to he learned from the 
data already mentioned. 'I'here is, however, another method of analysis which 
will often serve to differentiate between two fuels of similar ultimate composition 
but of different characteristics, namely, the determination of the proportion of 
volatile matter and of coke left when the coal is heated in a closed vessel into 
which no air can enter. The test is ordinarily carried out in a crucible, the 
lid of which is lightly luted on, the crucible with its contents being exposed 
to the heat of a liunsen burner for a definite time (with a crucible of 30 c.c. 
capacity, containing i g. of coal in the form of powder, it is usual to allow half 
an hour’.s heating). As ordinarily carried out, the coking test is a very c^ude 
one, and the same coal will yield widely differing results on different occasions, 
if the conditions are not precisely similar. It is, therefore, necessary to 


' A British Thermal Unit and a Calorie are defined on p. 45, 
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standardise the method of procedure. It is the present writer’s practice to carry 
out this test in the following manner so as to eliminate ats many variable 
factors as possible :— 

The ciuciblc use<i has a capacity (»f 30 c c., aticl is made of silica or porcelain. It is provided 
with a Rose’s Ihl with a porcelain tube, so as to convert the crucible into a small retort. The 
sample is reduced to i)owder, and exactly 5 g. is placed in the crucible. If the lid fits well there is. 
seldom any need for any luting, provided the healing is not loo rapid. The coal is then ignited 
by heating the crucible with the full heal of a Bunsen burner for a few seconds, Imt as soon as 
combustible gas is produced, and issues from the tube in the Ud of the crucible, the burner is removed, 
aifd a very small Bunsen burner is substituted. The gases issuing from the tube must |)ass out at such 
a rate that they can be ignited by a small flame held i() the end of the tube, Imt not so rapidly that 
they will continue to Imrn when the flame is removed; this means a slow but fairly constant 
development of gaseous matter. NN'ben the inflammable gases have all l>ccn distilled off, the 
crucible is healed with the full flame of the original Ilunsen burner for exactly one minute, after 
which the crucible is cooled and il^ contents are weighed. It is seldom necessary to weigh 
the lid of the crucible, or an} tarry matter adherent to it. 

'I'liis method is admittedly crude, but it does give the user of the coal some 

indication of its nature which is not otherwise obtainable, and in various forms 

this lest has long been used by purchasers of large quantities of coal for 
industrial purposes. 

Indeed, in spite of its crudeness, the following well-known scheme of assay 
is still the best for the general r aluation of most furnace coals:— 

Ucterminalion of the peici-nlaitL* of asli. 

Determination of tlic fixed carbon per cent. (This is the residue in the criicilile, as dcscrilicd 
ahi i\ e.) 

Determination of volatile mailer per cent. (This is lire loss of weight wlten the .sample is heated 
in the closed crucible as described above.) 

An examination of the coke and of the a.sli is valuable in some instances, and for special 

purposes a determination of the propoition of sulphur, clilorine, etc., must lie made. It is also 

important to observe whether the asli is pulveriileiil oi pailially fused (clinker), as the latter increases 
the labour of the fireman, and tends to cause miperfecl combustion wlten the cotil is Iiurnt. 

Tile length of flame, the amount of gas, and other sjiecial properties of a coal must he 
determined by special tests, usualli on a scale which is loo large for the ordinary laboratory. 

'The calorific intensity of a solid fuel is an expression u.sed to indicate 
the maximum temperature which the fuel can develop when burned under ideal 
conditions. This is quite different from the total heat evolved and has no simple 
relation to the latter. It is a purely theoretical expression, as the temperatures 
it represents can never be obtained in practice by the combustion of solid 
fuels. If the fuel could be burnt with exactly the right amount of oxygen, 
under such conditions that the combustion was quite perfect, and that no loss 
of heat occurred on account of the conductivity of the walls of the vessel in 
which the combustion occurred, the calorific intensity would have an experi¬ 
mental value, hut as it is, it is deduced theoretically by multiplying the 
theoretical weight of the products of combustion of the elements of the fuel 
by their resjiective specific heats and dividing this product into the calorific 
])Ower as determined in a calorimeter. , 

'I’he calorific intensity of i Ih. of carbon is 10,170' C., and that of hydrogen 
is 6,660" C., the figures given being the rise in temperature above the melting 
point of ice in etich case. 

According to Haase tlie highest temperatures attainable experimentally are, 
for carbon 2,400" C., and for hydrogen 3,140" C., though the dissociation of 
water at high temperatures reduces the maximum temperature of hydrogen 
to 2,000“ C. in actual work on a large scale. 

The calorific intensity or pyrometric heating effect (as it is sometimes termed) 
is, therefore, only of use as a theoretical standard, quite unattainable in practice, 
with which actual results of comlnistion may be compared. Its actual value, 
even as a standard, is exceedingly small at the present time, as the difference 
between it and the attainable results for solid fuels is much too large. With 
gaseous fuels the expression has a greater value on account of the more complete 
combustion obtainable with gases (see pp. 44-46). 
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Cleaning: Coal.— The small particles of coal, as already explained, are usually 
separated from the larger ones by means of screens, and by removal of the larger 
pieces by hand-sorting and classification according to appearance, but this method 
of working results in the production of large quantities of fine material which is 
comparatively rich in coal dust, yet contains too much ash to be used satisfactorily 
as a fuel. Cleaning processes also permit the removal of the coal from shale con¬ 
taining seams of coal which arc too thin to be worked separately. During recent 
years many attenijits have been made to recover the coal from this earthy mixture, 
and various methods of separation have been used. In some localities there ss 
a definite demand for small c<ial recovered in this manner for direct use as a fuel 
in cement kilns, etc., but the greater part of the small coal thus obtained is converted 
into coke, for which it is fully as suitable as the larger pieces. Not only is the 
coal recovered from such a material, hut the pyrites may .also be sejxarated, and this 
has it distinct marketable v.alue. The methods of sejiaration may be arranged in 
three groups: (n) separation by sjiecial grates, (/') sejiaration in the wet way by 
jigs, and (c) separation by centrifugal action. 

The first of these methods has the advantage of keeping the coal dry. It is 
based on the fact that most of the coarser impurities in coal are relatively heavier 
than the coal itself, and that they will travel less rapidly along plates with a 
vibratory motion. These ))!ates or troughs are made of metal, and are mounted 
on flat springs in such a manner that they can be given a slow forwards and a 
shar]) backwards movement, whilst at the same time they are sufficiently elastic 
to vibrate in a vertical direction. By making the troughs very long, it is possible 
to separate a large proportion of the earthy material simply because it travels at a 
different rate of speed. This n\ethod only effects a rough separation. It has been 
improved by making the troughs into grates, formed of long bars (riffle bars) along 
which the dirty coal travels, the dirt falling through the grates, whilst the coal 
travels along to the end. The separation is, in this case, based on the tendency 
of the earthy material to be of a flaky character, and therefore able to fall through 
narrower slots than the particles of coal of the same volume, owing to the latter 
being more spherical in form, h'or very fine coal this process is unsuitable. 

'I’reatment by washing is effected in various ways; one of the best consists in 
using classifying jigs similar to those used for dressing ores. Several firms make 
machines of this type, each having some distinctive advantage over the others, so 
that before installing any one of them it is necessary to make extensive trials with 
the coal it is desired to treat. 

The [irincipie on which this method of separation of the co.al from the earthy 
materials in the slack depends, is based on the fact that the rate at which particles 
of solid matter settle in water depends on their size and density. If the particles 
are all of the same size they will sink in proportion to their density, the heaviest 
falling first, whilst if they are of the same density, the rate of deposition will depend 
on the size, the largest sinking first. 

Strictly speaking,^the shape of the pttrticics also everts an influence, .as thin flat pieces .sink 
more slowly than spherical ones of the same volume, but this is ncglectefl in co,tl washing, as the 
rlifierence in the density of the coal and the dross is sufficiently great for the shape of the 
particles to exert only a small influence. 

According to Rittinger’s experiments for approximately spherical particles: 

V-i.2S\'l)(If^ 

wherrV = the velocity of deposition in feet per second, D —the diameter of the particles (usually 
the diameter of the hole.s in the riddle is taken as D), ami t/-the specific gravity of the material. 

As the size of the particles is important, it is necessary for a clean separation 
that all the particles should be as uniform in size as possible; this is effected by 
the useV)f screens or riddles of different meshes, the smaller particles being treated 
in a different jig from the coarser ones. 

If the water is given an upward flow, the rate of fall will be diminished, and by 
this means the lighter particles can be carried aw.ay from the heavier ones. If the 
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water has a horizontal flow, the lighter particles will be carried forward in the 
direction of the flow. 

Two types of washing machine are therefore possible ; (a) loflg troughs tlfrough 
whicji the material is conveyed by means of a stream of water of known velocity, 
the coarse and heavy material (dross) being removed at one end of the trough, 
whilst the coal is carried away at the other end, and (b) jigs in which the water is 
contained in compartments, and is given a vertical or centrifugal movement. The 
second type of washer is by far the best for the treatment of coal, whilst the troughs 
or separating tables are more suitable for certain ores, or for a preliminary treat- 
titent of the coal. One of the best of the first type is the Blackett Washer. 



This consists of a long cylinder, at an incline of about i in 10, and rotated 
about nine times per minute. The inside of the washer is fitted with a spiral like 
the thread of a female screw, with the result that when the washer is in use the 
heavier particles of "dirt” travel up the cylinder and are discharged at the top, 
whilst the lighter particles of coal are washed over the spiral by the down-flowing 
water and are discharged at the lower end of the cylinder. When skilfully 
adjusted to suit the coal to be treated this gives an excellent separation of coal 
and dirt. 

In Robinson’.s washer (Fig. 3) the water and coal enter at the bottom of a funnel-shaped vessel, 
and flow out at the top. A horizont.al frame rotates about a vertical shaft in the funnel, and a 
series of vertical rods or stirrers depend from it. The w-ater is therefore kept in a stave of rotary 
as well as vertical motion, and the coal is carried away over the top of the washer, whilst the dross 
is removed at intervals from the bottom. This arrangement is somewhat crude and does not give 
nearly so good a separation as the more modern jigs. 
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These Jigs have recently undergone considerable improvements, and the most modern ones 
effect * much sharper and more satisfiictory separation than did the older ones. In the early forms 
of jig,^ there were tifo comjjartments, connected together at the liase. In one of these was a 
plunger which forceil the water downwards, so that it passed into the next partition and floweil 
upwards therein in a .stciidy stream. In the more modern jiggers this plunger has been rimlaccd 
by other devices. Thus, in Baum’s cla.s.sifier (Fig. 4) there are two or more comp.artmenls, e.ach 
divided horizontally by means of a fine gauze. The compartments are tilled with water which is 
given a rising and falling movement by means of compre.sscd air applied to its .surface by means 
of a series of valve-controlled pipes. The coal to be treated flows in at one end of the machine 



mil is washed by the moving water acting under the influence of the compressed air. The heavy 
nineral particles accumulate near the inlet, the medium pieces near the outlet, and the fine dust 
lasses through the gauze into the trough below. The coal, largely freed from mineral matter, 
msscs away through the outlet of the machine and may be treated in a subsequent compirtment or 
icnt direct to the drying plant ns desired. The drawback to this machine and of all with two 
■ompartments, lies in the irregularity of the flow of the water. This is overcome and a simplifica- 
ion in the design of the machine is effected by placing the'plunger directly under the grid so 
hat the material will pass uniformly through every portion of the latter. By this means Baum 
ecured setieral advantages, and in his washing jig the piston slopes towards the outlet, the 
lislon rods of a series of jigs being connected in pairs to a beam driven by an eccentric. The 
rithdrawal of the product from neighbouring washers is effected in the ordinary manner by valve- 
onirolled pipes. The jijjt work reciprocally: as a piston in one section ri.ses and forces the water 
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tjniformly through the grid, the piston in the next chaml)er falls, and the combined action delivers 
the slurry to the next jig for further treatment, the action of the first piston assisting the second, 
■so that the machine requires very little power to drive it. -> , 

Among other advantages to be derived from using Baum’s washers, the following deserve 
■special attention:— 

1. The most complete use of the available space, on account of there being no sep.nrate piston 
■chamber. The whole of the interior of the washer is used for dressing the material. At the same 
time the washer is simple, strong, and inexpensive. 

2. An absolutely uniform action over the whole surface of the grid is secured as the piston lies 
■directlv under it, and for this reason the water is forced through the grid with perfect uniform’ty 
through each part. 

* 3. The washing is highly efficient, because the ore is treated uniformly over its whole surfacj 

throughout the whole pericKl of treatment. 

4. The con.struction is very simple and the durability of the washer is thereby assured. 

5. The waslier ojierates extremely easily, thereby saving power. 



6. The movement of the material is elficienily and easily cflectccl. The fine particles fait 
through the grid on to the sloping piston, and the finest of these are washed off by the movement 
of the water. 

7. For the same space they have iloiible the output of ordinary jigs.n 

1 here is a marked reduction in first cost, as tlie saving in space not only lessens the cost 
of building.s, but also greatly reduces the expenditure on troughs, pipes, channels, and shafting. 

For fine coal it is often convenient to use a coarse grid and to place a layer 
of spar on it. This acts as an efficient sieve which does not choke so readily as 
one made of metal with small perforations, as the specific gravity of the felspar and 
dirt in the coal is almost identical, so that when they are raised by the downward 
motion of the piston in the Jig they both settle at approximately the same rate. 
The “dirt” thus becomes enmeshed in the felspar and gradually falls thremgh it 
into the bottom of the jig. Fig. 5 shows a section of Schuchtermann and Kremer's 
jig for fine coal, « being the piston driven by the eccentric V, whilst b is the 
partitibn which partially separates the piston chamber from the settling'^chamber 
which contains the grid a 

Separation by centrifugal action may be effected cither by a dry or wet 
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process; the former consists in allowing the dirty coal (which must be fairly dry) 
to fall ,pn a rapidiy rotating plate in an “ air separator ” (Figs. 6 and 7). The 
particles are driven off this plate at a speed which depends upon their size and 
specific gravity, the denser particles travelling the farthest. Receiviogt chute% are 
placed at convenient distances from the rotating plate, and a separ^gp is effected 
in a simple manner, though it is by no means quantitative. In th^ij|K process, the 
dirty coal is fed with a stream of water into a rapidly revolving tMfrtical c) Under 
provided with vertical paddles which rotate at a slower speed, .^ d'he combined 
action of the paddles and the cylinder is to effect a separation gtcording to the 
density of the particles, the lighter coal adhering to the walls of the cylinder, 
whilst the dross flows out of the machine (Gee’s patent). 

This device has licen found to give a more complete separation than of the foregoing 
methods, but it is still in a development stage, and de[)ends on the coat beii^ in the form of a 
powder. The ingenious manner in which the action of gravity is magnified about a hundred times 
in this maclune lenders it worth the attention of colliery owners and others interested in the 
separation of minerals of widely different specific gravity. 

When the coal has been cleaned by the aid of water it must be drained of its 
adherent water; this is usually effected by passing it oier fine grids with a vibratory 
movement, so that they act simultaneously as conveyers and yet permit the water 
to flow away from the coal without losing any of the latter. The drying of coal 
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dust is a more com[)lex matter, and is usually effected in rotary drums through 
which a current of warm air is caused to circulate. Where coke ovens exist on 
the site of the washing plant, the waste heat from them may be utilised in this 
manner, and the powdered coal (if of a suitable quality; may be employed for the 
manufacture of coke. 

Prepared Solid Fuels. —These are produced from the foregoing solid fuels 
by methods of consolidation in which the volatile matter and water in the natural 
fuel is removed by heal, the resulting product being richer in carbon and poorer * 
in hydrogen than ihe material from which it is made. A different method of 
preparing solid fuels, in which the natural properties of the original fuel are largely 
retained, consists in the formation of briquettes by the action of pressure. This 
is described in detail in Section II., p. 21. 

The chief prepared solid fuels (apart from briquettes) are charcoal, charred 
peat, charred lignite and coke; these are all produced by heating the raw fuel 
under such conditions that only a limited amount of combustion can occur, the 
essential feature of the process being the distillation of all the volatile matter 
without the combustion or removal of other carbonaceous matter. 

Charcoal is prepared by heating wood without access of air. It was at one 
time an important metallurgical fuel, but is now used to only a limited extent. 
The amfitint produced depends to some extent on the'nature of the wood, and on 
the construction of the kiln or other arrangement in which the wood is heated, but 
it seldom exceeds 25 j)er cent, of the weight of the original wood. 
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Charcoal is prepared In the South of England by arranging the logs of wood almost vertically 
around a central shaft or chimney, and covering the pile thus obtained with sods or turf, ^ch 
heap is usually 6 ft. or more in diameter, and 8 ft. high. The central chimi^y is made of three or 
four upright poles kept a suitable distance apart by cross-pieces. This chimney is filled %'uh dry 
brusi^ood, and a ring of similar brushwood is placed around the base of the pile, just beneath the 
cover. The brushwood in the centre of the shaft is ignited, and is fed with more brushwood until 
it is well alight. The opening above it is then covered with turf. As the heal spreads throughout 
the pile it drives off the water, which escapes partly as steam and partly in the form of drops of 
water around the outer edge of the pile. When this “sweating stage ” is complete two series of 
openings are made in the pile; the lower one, near the ground, is for the admission of air, and the 
tipper one, abqut half way up, is for the exit of the gases formed. At first the smoke which comes 
^)ut of the upj-^r holes is strongly coloured, but in due course it diminishe.s, and finally l)ecomes 
almost invisible. This is a sign that the hydrocarlxins are almost completely volatilised, and tliat 
carbonation in c'e part of the heap is complete. The upper openings are therefore closed, and a 
fresh series is mnde lower down. These operations are repealed until the whole of the heap is 
properly catlmLed. The heap is then left for a few days, and is finally taken to pieces and 
quenched with sand or water. The o|>cning is best performed at night, as it is then easier to 
observe the sparks. 

In sonic parts of the Continent (notably in Scandinam) the heaps are rectangular in shape, and 
bear a close resemblance to the clamps used in this country for burning bricks. 

In each case it is necessary to exclude air wherever it is not required, and as the volume of the 
heap is reduced during the burning, the cover must be repaired from lime to time. 

Considerable skill is needed in the erection of the piles and in the control of the burning, if a 
good yield is to be obtained. An unskilled burner will only produce 15 jicr cent, of charcoal, 
whilst a skilled one will obtain a yield of aliout 25 |>er cent. 

Charcoal is also burned in kilns similar to those used for burning lime (y.r.), this method 
having the advantage that llic rain does not interfere with (be burning. The argument that the 
cost of the kiln is less than that of providing a turf cover may be apposite in a country like America 
—where kilns for charcoal arc chiefiy used—but the few investigations made in England seem to 
show that if a charge is made for interest on capital and for the depreciation of the kiln, little or no 
advantage is gained in lliis country. If the kilns are arranged in series so that the waste gases, due 
to the decomjiosition and distillation of the Iiydrocarbons, may be used in heating up subsequent 
kilns, there is a distinct gain in employing permanent structures. This is the essential feature of 
the I’ierce process now largely used in the Unite<l States. The kiln is charged with wood and 
closed. It 13 then heated with gas from another kiln, and the gases and tarry matters evolved are 
passed through coiided&ers for the recovery of the by-products. The gas, being inconden.sible, is 
available for use in another kiln. There is usually more gas than is actually needed for the charring, 
and this can lie profitably employed in heating lioilers for the production of power for other 
purposes. Sixteen kilns form a convenient unit, each kiln being alxmt 30 ft. in diameter and 12- 
16 ft. high. 

The charcoal produced in these kilns is somewhat denser than that burned in clamps or heaps, 
and weighs al>out 20 lbs. per bushel, as compared with 16 lbs. for ordinary charcoal. Some users 
object that it is not as goiKl in quality as the charcoal burned in the older method, hut it is difikuU 
to decide impartially on this matter, the experimental data available being insufficient for this 
purpose. 

In Great Britain the bulk of the charcoal now produced is a by-product obtained 
in the manufacture of acetic (pyroligneous) acid. For this purpose the wood is 
heated in iron retorts, and the volatile acid and other products are distilled off and 
collected by condensation. The charcoal so produced is very inferior, because 
the wood used and the conditions of distillation are such as will secure a large 
yield of the various by-products desired, little or no attention being paid to the 
quality of the charcoal. This method is very similar in principle to that devised 
by Pierce and described above. The plant employed is fully described in 
Martin’s “ Industrial Chemistry; Organic,” p. 323 et se^/. 

The production of sawdust and other waste wood has led to many devices being patented for 
its effective utilisation. It cannot he made into a good charcoal as it does not bind well together, 
and if used in the raw stale as a fuel it gives off an inconveniently large amount of water. The 
manufacture of briquettes of charred wocxl-waste is not a satisfactory solution of the problem 
a.s these briquettes tro too dense to Imrn properly. The addition of resin or tar as a binding 
material is too expensive except for the manufacture of firelighters. Apart from the direct com¬ 
bustion of the wood in specially devised fire-boxes, it is best utilised by distillation in iron retorts 
provided with an internal spiral conveyer; this |>ernnt 5 the recovery of the volatile products, and 
the lo>| grade or charcoal can usually be sold at a price which leaves a sl^ht margi% of profit. 
There have been many patented arrangements for the production of charcoal from sawdust, but in 
no case^^ the resulting charcoal of much value; the only way is to utilise the by-products and regard 
these as the main source of any profit which may accrue from the process of charring. 
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The froperties of charcoal as a fuel depend on the special manner in which 
it burns, and on the freedom of its ash from deleterious substances. Carefully 
prepared charcoal' should show distinctly the characteristic markings of the wood 
from which it has been produced. It should be sufficiently hard to resound^when 
struck. It should ignite readily, and when once glowing it should continue to 
burn until it is completely consumed. It should be noted, however, that the 
temperature at which charcoal ignites is dependent on that at which it has been 
prepared. 

The ready combustion of charcoal is, in part, due to the porosity of the 
material, as air is able to enter freely into the pores. Some idea of its porosity maf 
be gained from the statement that the specific gravity of charcoal is only 0.2, 
whilst that of the same material, when the effect of the pores has been excluded, is 
about 2.0. This great porosity gives charcoal its valuable property of absorbing 
gases such as ammonia and sulphuretted hydrogen. 

When burning normally, charcoal simply glows, but when combustion is forced 
it burns with a blue flame and forms large quantities of carbon monoxide (CO), the 
flame being really due to the combustion of this gas and not to the charcoal itself. 
On account of the cleanliness of the flame and its freedom from smoke, charcoal 
is a valuable fuel in metallurgy, and particularly in the reduction of metallic ores, 
but its use is confined to blast furnaces, where it heats by direct contact, as the 
flame is too short for its .satisfactory use in reverberatory furnaces. Unfortunately, 
it is too friable to be u.sed in large blast furnaces, as it is crushed by the weight of 
material above it. For this reason it is only used to a limited extent, its place 
having been taken by non-coking coals. 

The burning of charcoal in open grates is objectionable, as the carbon 
monoxide (CO) produced is very poisonous; ample draught facilities must 
therefore be provided. 

Details of the distillation of wood and the substances obtained tliereby will be found in 
Martin’s “ Intlustrial Chemistry: Orgunic,” p. 323 ctui). 

Peat Charcoal is of no commercial value as a fuel, though many attempts 
have been and are being made to produce a good charcoal from it at a remunerative 
rate. None of these methods can be regarded as successful, inasmuch as the 
charcoal produced cannot compare in either tjuality or price with other forms of 
solid fuel in Great Britain. 

Coke is the residue obtained when coal is heated in closed retorts without access 
of air. The methods of its manufacture have been outlined in Martin’s “ Industrial 
Chemistry: Organic,” p. 390, and coke ovens and furnaces in Section V., on p. 51, 
but it must be remembered that .where the coke is regarded as the chief product of 
the distillation of coal, the conditions will differ from those in which tar and other 
by-products or coal-gas are the primary object of the distillation. Generally 
speaking, the better the quality of the coke, the poorer will be that of the gas and 
by-products and vice versa, and it is technically impossible to obtain first-class coal- 
gas of a high calorific and illuminating power and a large yield of valuable 
by-products from a single distillation; one or more of these substances will suffer in 
quality or quantity according as attempts are made to improve the quality of the 
others. 

The properties of coke vary greatly according to the manner of its preparation 
and the nature of the coal from which it is made. Coke used for furnace work 
must be sufficiently strong to bear the weight of the ore or metal above it in the 
furnace without cru.shing. Good coke for blast furnace work should have a crushing 
strength of about 1,000 lbs. per square inch, though this is greatly reduced wheii the 
coke becomes hot. Its apparent density varies according to the manner of its 
production, but is usually about 0.9 or a little higher when produced in the 
more rebent types of coke oven; this corresponds to about 50 per cent, of pores 
in the coke. 

Coke contains all the ash of the coal from which it has been derived, less a 
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small proportion which has been volatilised, and it has therefore a higher proportion 
of ash than the original coal. Whilst varying greatly in composition, good coke 
fof furnace work should not contain less than 85 per cent, of carbon, and ?ts ash 
shoukl not exceed 10 per cent.; the lower the propoition of ash the better will be 
the coke. Selected samples frequently contain as much as 95 per cent, of carbon 
and only 4 per cent, or even less ash. 

Gas coke may be improved greatly by washing it in a similar manner to coal (p. 12). By this 
treatment the poorer qualities of coke breeze may be converted into coke worth over £\ a ton 
at a cost of about 9(1. per Ion treated. The greater part of the impurities removed by washing is 
sliaie and dust. 

Coke for blacksmiths’ forges and for heating in fire boxes need not be so pure 
as that used for blast furnace work, as the crushing is not so great and the eflTect of 
the coke on the product to be heated is less important. Hence the coke sold 
as a by-product by gas companies may be used with advantage. 

Coke is an excellent fuel where it is required to heat by contact or radiation, 
but it has so short a flame that it cannot be used for reverberatory furnaces and for 
some kilns. It is difficult to keep alight, but when once fully burning, it gives off 
a greater heat than the same weight of coal. It is specially useful for heating air, 
where the latter is used for warming or drying goods, as it burns free from smoke 
or soot; it is also used for heating crucibles and other articles requiring a 
direct heat. 

The sulphur in coke is frequently considered an objection to its use, but if 
the coke is made from suitable coal it will not necessarily contain more sulphur 
than the original coal. The most satisfactory means of keeping the proportion of 
sulphur- low is to wash the coal before use and to quench the coke by drenching 
it with water whilst in a red-hot condition. This treatment causes an evolution of 
some of the sulphur as H^S. Many other methods have been suggested for 
removing the sulphur completely, but none have been successful. 

Coalite is a material made by imperfectly coking coal, so that it ignites more 
readily than coke but burns with less smoke than coal. It has been extensively 
advertised, but has not met with the general use its promoters expected of it. Very 
similar results may be obtained by the use of a mixture of equal parts of small coal 
and crushed coke. 

Briquettes are made by compressing a mixture of coal dust and pitch or tar 
into blocks or bricks. Such briiiuettes burn similarly to coal, but do not keep 
alight so readily (see pp, 21-24). 

The Weathering of Fuel 

The value of fuel is usually diminished by exposure to the weather, as some of 
the more readily oxidised constituents are converted into ga.seoiis products, which 
escape, or into less combustible ones, which make the fuel difficult to ignite and 
reduce its calorific power. * 

Wood, when freshly gathered or cut, is improved by exposure to dry air, as much 
of the moisture present then dries out, rendering the wood easier to ignite and 
removing a large amount of the heat-absorbing water. When the wood has become 
thoroughly air-dry, however, further exposure will usually do harm rather than good, 
as oxidation of the more readily ignitable constituents then occurs. 

Coal is spoiled by too long a storage, even in a dry and warm place, as under 
such conditions the air between the particles is able to effect sufficient oxidation to 
bring about such a rise in temperature as may set the whole mass of coal on fire. 
This is particularly liable to occur in the holds of ships, and in large silos in which 
coal is stored with a limited supply of air. It is known as the spont^COUS 
combl&tion of coal. Precisely what occurs is not known, but investigations 
have indicated that the more readily oxidisable hydrocarbons are the most affected, 
for though the weathered coal loses more hydrogen than carbon, the effect on 
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the ignition temperature suggests that the greatest action occurs in connection with 
the lighter hydrocarbons present. 

Thh best means of preventing this oxidation is to allow plenty of ventilatSjn 
and to keep the coal as cool as possible. It has been found thit boring large «holes 
into the coal heap will often prevent serious damage, by supplying so much air that 
the fuel is cooled and kept below its ignition point. 

Coal rich in pyrites (FeSj) is particularly liable to spontaneous ignition if kept 
in a moist state, as the sulphur in the pyrites oxidises readily under such conditions, 
with a marked evolution of heat. So also are coals which are stored in warm and 
unventilated places in which the coal is subject to a rocking movement, such as i(.. 
the hold of a ship. By packing the coal lightly and securing ample ventilation, the 
damage by .storage is greatly reduced. 

Coal which is stored in the open air and wetted by frequent rains followed by 
intense sunshine—as in semi-tropical countries—is especially damaged by such 
exposure. The damage is lessened by covering with a roof, so that the coal may 
be kept dry and shielded from the direct rays of the sun. 
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Briquettes consist, essentially, of coherent masses of uniform size made 
by the application of pressure to any powdery material placed in a suitable 
mould, w'ith or without a binder. 

Briquetting is extensively employed for the utilisation of dusty ores and of 
hue dust from blast and other metallurgical furnaces, and for metal turnings 
and borings. The i)rocess is usually cheaper than the nodulising-sintering method 
referred to under Sulphuric Acid. The vast accumulations and deposits of such 
residues {eg., pyrites, dust, cinders) and ores, formerly useless, are now being turned 
to good account. This article is only concerned with the manufacture of fuel 
briquettes. 

Briquettes possess many advantages over other fuel; of these the following are the most 
important; (i) They burn better and more evenly, (2) they occupy less space in storing (5-10 
per cent.), (3) they usually possess a higher calorific value, (4) the material is of uniform size, with 
a resulting higher heat efficiency, (5) good briquettes of the proper shape disintqrrate less easily 
than the coal from which they arc made. The chief difficulty is the cost of manufacture. The 
slack from which they are usually made is only some 3s. to 5s. per ton cheaper than the 
corresponding coal, so that only a small margin is left for working expenses—Is. 6d. to 2s. per 
ton—and the cost of the binder, 2s. to 4s. per ton. Owing to the heavy demand for coal-tar pitch 
as a road binder the price has very much increased- (from under per ton in January 1909, to 
over £2 in January 1914); there would therefore appear to be much room in this industry for 
further experiment and invention. Experiments seem to show that with greater pressure less 
binder need be employed, and that by suitably modifying the temperature the same result may be 
obtained. Good briquettes are said to have been recently obtained by the U. S. Bureau of Mines 
without the use of a binder. 

Also Nigerian co.als have been successfully briquetted without the use or binders. The process 
is to heat the material to a sufficient temperature, and while of exactly the right degree of 
temperature, to apply a heavy pressure. The process requires expert manipulation of the 
temperature and plant, but for certain kinds of coal it is especially efficient. 

Binders. —A great variety of binders have been tried including water-glass, 
molasses, starch, blast-furnace pitch, wood-tar pitch, sulphite pitch, water-gas pitch, 
petroleum pitch, asphalt, wax tailings, various kinds of tars, naphthalene, creosote 
and other oils. Of these only coal-tar pitch has been used to any great extent, 
by far the bulk—perhaps over 95 per cent.—of that produced being employed in 
the manufacture of “patent fuel.” 

Tjie pitch has to be fairly hard as it will otherwise cake together in the ship’s 
hold, clog up the pitch crackers or melt in the fire and run out of the fuel before 
intumescence takes place, resulting in the disintegration of the briquette. It 
should, however, be as low as possible in ash, free carbon, and non-volatile matter 
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(ash and free carbon + coke) as is consistent with the requisite hardness, 
typical coal tar pitch should give 

' Asfi not exceeding 0.5 per cent. 

Softening point, 6o°-t$° C. 

Soluble in aniline or pyridine bases, 70-75 per cent. 

Volatile matter, not less than 55 per cent. 

Free carbon, about 30 per cent. 

Process of Manufacture. —Fig. i shows a Yeadons’ briquette machine, 
and Fig. z the arrangement of plant. The pitch, broken small in a “pitch cracker’' 



I-'ic. I. Yeadons’ Briquette Macliine. 


(*, Fig. 2), is fed along with the slack coal into a “mixer” (3, Fig. a) where 
the proper proportions of the two materials are accurately measured. The materials 
then fall into a disintegrator (4, Fig. 2), where they are ground together to 
the proper fineness.’ 

This ground material (coal and pitch) is then elevated and delivered into a 
“vertical heater” (7, Fig. 2; see also Fig. 1) where, in its downward passage 
through the same, it is subjected to the action of superheated steam, of a suitable 
temperattire, by means of which the pitch becomes plastic and adhesive. This 

' 50-60 per cent, should be retained by a j-in. mesh 5 the particles should not be too 
uniform. 
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“heater” is fixed just above the briquette press (8), which is fitted with a 
vertical mould plate with intermittent motion, having often eight poulds in it. 

At each stroke of the machine the plastic material is push^ by a horTzontal 
ram hito one of the moulds. ,VVhen the full mould reaches the other side (the 
mould being in intermittent motion) the material is powerfully compressed from 
both sides simultaneously by two rams working horizontally. A minimum 
pressure of 2 tons per square inch on the surface of the briquettes, is thus 



Kid. 2.—Arrangement of Coal Briquette I’lant. 
(A> Ytatfon, Son Sfi Ctf., Engittetrsy Letds, Lendon,) 


exerted, this great pressure being obtained by an ingenious application of com¬ 
pound levers and a heavy flywheel. 

A fourth ram pushes out the finished compressed blocks, which are then 
conveyed to the stacking ground or loaded into trucks. 

When properly made and cold, the briquettes are as dense and hard as the 
large coal itself. 

The latest presses will turn out 320 tons per day of 25 lbs. bevelled-edge 
briquettes or 10-15 hour of nuts, and only require some 15-20 H.P. 



















24 


INDUSTRIAL. CHEMISTRY 


The size and shape of /uel briqaettes are of very great importance. Large blocks burn slowly, 
and if rectangular ^ck closely together and do not allow of the proper circulation of air; they 
have usually to be broken. The tendency is, therefore, to produce an *‘ovoid,” “eggette,*' 
“ bonlct” or “nut” weighing only some 1*4 oz. 

( 

Briquetting of Anthracite. —Anthracite dust is now successfully briquetted 
both in Scotland and in the U.S.A. In the former locality it is mixed with a 
proportion of bituminous coal. Anthracite dust passing is still 

practically unsaleable, though it can be successfully briquetted by the Armstrong- 
Mordan process. 

Immense accumulations of anthracite culm and dust, coke dust, etc., still 
await briquetting, particularly in the U.S.A. and will doubtless be turned to 
useful account in the near future. There are also numerous deposits of friable 
coal and lignite, particularly in the U.S.A. (where they extend for 150,000 sq. miles), 
in (binada, in 'Kent and elsewhere, which crumbled to dust on exposure to air, 
but which can now be successfully briquetted. 

The industry is chiefly located in Western Europe, Belgium possessing 42 
factories, France 35, and England 20. Factories also exist in Germany, Spain, 
China, Japan, and the U.S.A. In the States a great development must be expected 
in the near future. The annual output of patent fuel from the United Kingdom is 
over I ^ million tons. 

Of the many attempts to produce briquettes without the use of a ready-made pitch only two 
will be mentioned. The first can be ruled out on the score of cost. The method is due to 
Professor Le Maitre. He proposes to treat tallow with nitric acid, pour it into soda lye, and 
mix with lime and mineral oil. He obtains a product somewhat like pitch, and proposes to 
employ it for the manufacture of briquettes. It is difficult to see how such a process could be 
made profitable. 

The second process to be mentioned is the Armstrong-Mordan. It was originil^y applied to the 
problem of the solidification of oil. Much work has lieen done in thi.s direction, but nearly all the 
proposed methods have broken down in practice. The method employed, which the writer has in¬ 
vestigated, is the emulsification of the oil by mixing it with a certain proportion of sulphate of iron 
(green copperas) and glue. A solid emulsion results, which heat only breaks down slowly, and 
which stands sufficient pressure to allow of the briquettes being rough handled, and stored to 
any reasonable height. Crude oil may be used, and the proportion need not exceed 5 per cent. 
Thus a practicable method has been evolved of employing all kinds of waste and cheap com¬ 
bustible materials, such as anthracite, coke, and coal dust, slack, culm, and druff, friable lignites 
and coals, paddy husk, Nile sudd, dtied sewage, peat, etc., etc. The calorific value of the oil 
being high, that of the waste fuel is, of course, raised in proportion. 

Pitch Cancer, Pitch Ulcers— The handling of coal-tar pitch frequently 
causes peculiar and unpleasant sores and local inflammation of the skin known as 
pitch ulcers, pitch warts, or pitch cancer. They appear to be caused by some basic 
substance present only in coal-tar pitch (or anthracene oil) and can be practically 
prevented by distilling up to about 350° C. and softening the pitch down with 
a suitable oil. The addition of a small quantity of formaldehyde to the tar 
before distillation is also said to render the resulting pitch innocuous. The Home 
Office has investigated the whole question and has issued two Reports and a set of 
Draft Regulations. < Immunity cannot be guaranteed, although freedom from dust 
and personal cleanliness will do much to diminish the risk. Some types of men 
seem much more liable to the complaint than others. 
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The chief liquids used as fuel are:— 

Natural or Mineral Oils of the petroleum series, found in many countries, 
but chiefly obtained for use from Galicia, Russia, and the United States. 

Prepared Oils and Spirits, made by treating the natural mineral oils and 
other materials in such a manner as to produce a suitable combustible fluid. The 
chief of these prepared liquid fuels are:— 

(a) Distilled Mineral Oils, including petrol, benzene, petroleum spirit, kerosene, 
gasolene, and other “ light oils.” 

Shale Oils, prepared by the destructive distillation of shales, and resembling 
very closely the distilled mineral oils just mentioned. 

{/') Heavy Oils obtained in the distillation of various substances, including 
Petroleum Residues, and also Tar Oils obtainable as a by-product in the 
■distillation of coal for the manufacture of coal-gas, also from blast furnaces used 
for smelting metal, when coal is used as a fuel. The product of some coke ovens 
is also used in a similar manner. 

•(c) Alcohol, including methylated spirit, prepared by the fermentation of 
various vegetable substances, including potatoes, malt, etc. 

The methods of manufacture and general properties of all the foregoing 
liquid fuels are described in “Industrial Chemistry: Organic,” pp. 4, 11, and 279. 
Eor motors, engines, and small burnere the “light oils and alcohol are 
preferable, though large Diesel engines run satisfactorily on tar oils. 

It should • be noted that alcohol gives the cleanest results and burns 
with the least smoke, but it is somewhat more costly than the light oils. As 
the price of alcohol tends to diminish and that of the light oils to increase, there 
is a great probability that in the near future alcohol may be used increasingly 
as a fuel, on account of its many advantages. 

For furnaces the heavier mineral oils are largely used in the United 
States, but in Great Britain they cannot compare with coal burned in an equally 
intelligent manner and with the most suitable appliances. Indeed,‘the chief 
use of heavy oils as fuel depends on the facilities offered for transport from the 
place of manufacture to that of use, on the uniform temperature readily attainable, 
and the small amount of attention required. Heavy oils require specially con- 
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structed burners, and are apt to prove troublesome unless they are well 
designed< c 

In the Kermode burner the oil is partially vaporised and sprayed by means. 
of hot air at a pressure of ^ lb. to 4 lbs. f>er square inch. The oil controlled %y 
the valve £ and pinion l, entering at a, is met by hot air passing through b and c. 
Both air and oil travel on together, the oil being rapidly vaporised in its passage- 
and completely commingling with the air. As the oil passes the nozzle beyond 
the valve it is swept forward by a sharp current of air which envelops the nozzle > 
this current can be regulated with great exactitude by pinion M. A further supply 
of compressed air is given at the point of combustion, and a third supply is caused 
by the induction of the flame or by the draught. 

Both air and oil are under complete control and can be accurately regulated. 
To substitute oil for coal, no change is required in the arrangement of the furnace ; 
it is only necessary to cover the fire-bars with broken fire-bricks to a depth of 
from 6-8 in., the greater depth obtaining towards the bridge. 

The burners are hinged on the air- and oil-valves, and may be withdrawn fromi 
the furnace when desired. 

The air-jet system offers great economy in fuel, as 83 per cent, of the calorific 
value of the oil is recovered in actual work. Less than 2 per cent, of steam is- 
used to drive the air-compressing plant, and if the steam is condensed no fresh, 
water is lost. 



fn;. I.—liurnerfi.r Li<|uiil Fuel. 

(Dj- the courtesy of Kot mode s Lid ) 

Other Uses. —Liquid fuels are suitalfic for core drying, iron foundry furnaces, 
retorts, bakers’ ovens, brewing and distilling plants, for malt drying, timber season¬ 
ing, cloth-singeing machines, refuse destructors, and for other purposes where dry 
heat, cleanliness, and definite temperatures are required. They have proved 
specially suitable for boilers in warships, for glass melting furnaces, and for fire- 
engines on account of the rapidity of heating, the cleanliness of the fuel, and the- 
ease of using. 

'J’he chief liquid Cuels for these purposes are light or heavy oils, such as tar, 
tar oil, creosote, green oil, crude petroleum, pure petroleum, or “ residues.” 

Liquid fuels have several advantages over solid ones, of which the most 
impor.ant are:— 

(a) Lesser weight ami volume, thtre1)y effecting a saving in transport and storage. 

(i) Less labour required in use, as ihc oil can be fed to the burner at a definite rale, whereas, 
solid fuel has to be charged at intervals. 

(c) Less detiiment to the articles Iwlng heated or to the healing plant, as luiuid fuels contain 
less ash than solid ones, and do not produce a dust. 

(rf) Prompt attainment of any desired temperature tvithin the limits of the plant. 

(<) Simple and rapid extinction of the (lame so that there is less waste of fuel by the necessity 
of allowing ^he (solid) fire to “ die out.” 

e 

On the other hand, liquid fuels are subjected to certain important drawbacks;— 

(/) They must, in most cases, be imported from abroad, so that supplies are not quite as. 
reliable as with a native fuel. 
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(j) The lighter oils must be stored under special (legal) conditions, on account of their 

tendency to explode. , , 

(k) They must not be purchased in very large quantities on account of the loss by cvapora’ion, 
though with some of the heavier oils this is trifling. 

(7) The odour of the oil is objectionable in some industries on account of the goods made 
becoming scented by absorption, even though kept out of direct contact. 

(y) Most works are fitted for the use of solid fuels, and the cost of replacing existing plant 
would, in many instances, create an interest and sinking fund charge which would more than 
counterbalance any saving effected by the use of a liquid fuel. In extensions of plant, or in the 
installation of a new plant, this objection does not hold to the same extent. 

The cost of liquid fuels appears to be much higher than that of solid ones, 
but in order that an accurate comparison may be made it is necessary to take all 
the necessary factors into consideration. It is not correct to compare the calorific 
powers of various fuels and to assume that because more units of heat can be 
obtained in a calorimeter from a shilling’s worth of one fuel than from another 
that, therefore, the first fuel is the cheaper to the user. The only true basis 
of comparison for the user must be based on burning the various fuels under 
the same conditions as would apply in actual use. Failure to recognise this, and 
the undue insistence of calorimetric tests of the fuel when burned in 
have led to serious misconceptions and to considerable waste of money, hor the 
same reason, theoretical estimations of the evaporative power of various fuels give 
results of very small actual value, and their reiterated publication in various text¬ 
books does more harm than good, because care is seldom taken to point out the 
wide divergence between them and the results obtainable with actual plant. 
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utilisation of Fuel. —From the statements made in previous pages, it is dear 
that different fuels are suitable for different purposes, and to obtain the best 
results with any fuel it is necessary to use it in a suitable manner. By far the most 
extensive use of fuel is in furnaces for heating purposes, as described later in this 
section, but an increasingly important use of gases and liquid fuels is in the 
direct production of power. In a gas or oil engine the combustion of the fuel is 
arranged to take place in the form of an explosion, the force of which moves a 
piston and so converts the energy of the fuel into mechanical work. According to 
the first law of thermodynamic.s, heat produces mechanical energy in the proportion 
of 772 ft.-lbs. for each unit of heat. Hence i lb. carbon, if burned under ideal 
conditions producing a calorific power of 14,500 B.T.U., should produce over 
ifcmillion ft.-lbs. of mechanical energy. As i H.P. = the expenditure of energy at 
the rate of 33,000 ft.-lbs. per minute, i lb. of carbon should produce 5.6 H.P. hours. 
The necessity of keeping the walls of the engine cylinder cool and other causes 
prevent more than a small proportion of this heat being available for driving an 
engine, so that under normal conditions a gas engine will require the equivalent of 
1 lb. of solid fuel |)er hotse-power hour, which is only one-sixth of the power 
theoretically producible from the fuel itself. Nevertheless, gas engines are much 
more economical in fuel than are steam engines, particularly for powers under 
2oo*H.P. Weight for weight, oil fuel is slightly more economical than coal, only 
J lb. being required for each horse power developed, but the cost of oil being 
greater than coal counterbalances this advantage where the coal can be gasified, 
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■or where cheap town’s gas is available. In other cases, and particularly in country 
districts and for marine purposes, the use of oil engines is perfectly satisfactory 
and ecohomical. 

A furnace is a heating device in which fuel is used; it is composed of four 
essential parts:— 

{a) The fireplace, comprising the portion where the fuel is heated until it reaches 
a temperature at which it can burn (Fig. i; see below). 

(/') The combustion chamber or place in which the gases obtained from the 
fuel unite with air and burn, producing a high temperature. The combustion 
chamber is usually close to, and may form part of, the fireplace. 

(c) The furnace proper or hearth in which are the goods or materials to be 
heated. It is quite distinct in its functions from the foregoing' and in most cases 
the combustion of the fuel should be complete before it reaches the furnace proper. 
In smelting ores, where the reducing action of the incompletely burned fuel is 
necessary, the flames are allowed to enter this portion of the structure at an early 
stage of burning, but this is different from the case of simple heating. 
id) The draught producer, consisting of a chimney or fan which is connected 
to the foregoing by a series of flues. The shape of some furmaces is such that no 
separate draught-producing device is necessary, as the furnace forms its own 
chimney. The chimney creates a draught by virtue of the lower.specific gravity of 
the hot gases contained in it, as compared with that of the atmo.sphere. If the 

temperature inside the chimney 
falls much below 300" C., a poor 
draught will he obtained. The 
exit of gases at this temperature 
represents a waste which cannot 
be avoided, unless it is profitable 
to replace the chimney by a 
mechanically-driven fan, and to 
use the hot gases for drying or 
heating other goods. 

Figs. 2-15 show a few types of 
ordinary furnaces. Thu.s Figs. 2-9, 
13 show the usual furnaces employed 
for heating Iroilcrs. Fig. to shows an 
■ordinary reverberatory furnacF, Fig. 15 a retort furnace, Fig. 12 a bla.st furnace. 

The more complex gas-fired furnaces, with regenerators (r.e.. arrangements for heating the enter¬ 
ing air), and separate inlets for primary and secondary air are indicated in Fig. 15, and in Section V., 
Figs. 4, 5, 6. 

In order properly to understand the nature of combustion, and the best means 
of effecting it economically, it is ne'cessary to consider each of the foregoing parts 
of u furnace quite separately, as much confusion has arisen from want of paying 
sufficient attention to their separate purposes. 

Of whatever natufe the fuel may be, the furnace or fireplace must be constructed 
in such a manner that the combustion shall be as complete as possible, as otherwise 
there will be a serious loss of heat, and a great wastage of fuel. Differences in the 
design of a furnace are necessary according as the fuel is a solid, liquid, or gas. 

In many of the existing furnaces and fireplaces this elementary requirement has bech over¬ 
looked, or the designer ha.s not known how to provide for it, with the result that many furnaces 
work in a manner which is far from economical. The amount of fuel wasted in the form of smoke 
is evidence of this, although in certain metallurgical operations the production of smoke is necessary 
AS a means of reducing or preventing the oxidation of the metal. 

In the heating of any substance with a solid fuel it is usually necessary to burn 
the fuel in one part of the apparatu.s, whilst the material or articles to be heated 
are contained in another. The only exceptions to this are where the heat reqfiired 
is very great, and the goods will not be damaged by contact with the fuel. Thus 
lime is burned and iron ore i.s reduced by filling the kiln with alternate layers of the 



Fi<i. I.— Diagram of F'ireplace. 
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material and coal; in primitive countries pots are baked by placing them in the 
middle of the fire, and so on, yet in the majority of cases the fuel is burned in 
a separate fireplace or furnace, so arranged that only the hot gases have Sccess to 
the,material to be heated. 

FURNACES FOR SOLID FUELS 
Solid fuels are in two forms: (a) Fragments, such as coal and coke; (b) dust 
obtained by grinding the larger pieces to powder. 

Most fireplaces consist primarily of a grate on which the fuel rests, a combustion 
chamber or space in which the burning occurs, and an ashpit or space into which 
the ashes and uncombustible matter fall. 

The process of combustion is such that air enters lictwecn the grate bars and comes into contact 
with the hot fuel: the air and fuel comijine together, and contbuslion occurs. If the fuel is 
elementary and consists of almost pure carbon (coke being a sufficiently good example), the gas 



Fro. 2.—Gallow'ay Boiler with External Furnace. 

(Galloways Ltd., Mani,hfstcr.') 

produced will burn with a blue flame, but without smoke. If the supply of air is so regulated that 
no excess is present above that needed to burn the fuel, the combustion of such a material will 
approach perfection, and it is for this reason that coke and anthracite are such valuable fuels. 

If, on the contrary, the fuel used contains other ingredients, or if it^is a mixture of highly 
complex compounds (as is coal), the combustion will occur in quite a different manner. The lower 
portion of the fuel will burn completely and without smoke, when the fire has been properly 
managed, and in lime a clear, smokeless coke-like fire will be produced. The moment some fiMn 
coal is thrown on, however, the conditions are changed; the fresh coal begirs to decompose, throwing 
off a dark-coloured smoke, which liecomes increasingly dark as the temperature of the coal rises, 
and the distillation and decomposition proceed with greater rapidity. A considerable amount of 
tarry matter and soot are produced, and in the course of lime the gases lilierated take fire and 
burn with a brightly luminous but sooty flame. As the flames rise they carry with them particles 
of tar and soot, and may take these away through the chimney in the form of smoke, or a portiw 
may be deposited inside the chimney or among the goods to be heated. As soon as this volatile 
matter has disappeared, the fire burns clearer, the smoke eventually ceases, and the approximately 
perfect combustion of the residual coke occurs. The problem of the furnace-builder, therefore, 
consists in deciding how far the production of such smoke is necessary, and how far it is a prevenlible 
waste cf fuel, and in building his furnace accordingly. See also pp. 47, 48 for further remarks on 
smoke production and prevention. 

Primary Air Supply.— If the fuel is elementary, like coke, all that is 
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needed is the provision of a sufficient quantity of air through the grate bars to 
provide for the proper combustion of the fuel, but without supplying an undue 
excess 6f air. If, on the contrary, the fuel is coal, the furnace must be designed 
to provide for the combustion of the volatile matter quite separately from th^{ of 
the coke which will be produced when the volatile matter has been driven off. 

To do thisisa difHcultandat times almost impossible task. The volatile matter is so voluminous, 
it requires such enormous volumes of hot air for it.s combustion, and it is produced so rapidly that 
unless .special methods are employed for dealing with it, most of the heat in it will be lost. This- 
Is one reason why fuels never approacli the calorific power shown when they are burned in the 
state of fine powder in compressed oxygen (p. 8). 

Where the fuel is small or seriously contaminated with mineral matter, it may be made to burn 
better by closing the front of the ash-pit and blowing air under pressure into the latter. The 
simplest method of introducing tlie air is by means of an injector or blower operated by steam. 
The current of steam and air keeps the bars cool and prevents the formation of clinker, and it enables 



hii;. 3.—Multitubular Boiler. 

{Ga/hivnyi Ltd.^ Mawhrster.') 


sawdust, spent tar. colliery refuse, and other low grade fuels to be burnt. Care must be taken not 
to confuse this primary air—all of which is introduced through the fire-bars—with the secondary 
air which is inlroduced^lnto the upper part of the furnace. 

Introduction of Hot Air (Secondary Air). —A little consideration will show 
that the most suitable means of burning the volatile portion of the coal consists 
in the supply of* a sufficient quantity of hot air during the whole of the time that 
the volatile matter is being produced Moreover, this hot air must be introduced 
at the front of the furnace, so that it may meet the volatile matter at the moment 
of its production, and may travel along with it, burning it more and more completely 
A the two travel together. The admission of cold air, by opening the furnace 
doors as is usually done, is of very small value; rather does it chill the volatile 
matter, and cause the production of more smoke, whilst at the same time intro¬ 
ducing a supply of cold air into the furnace at a point where it can do tfce most 
harm and the least good. If the. fire is well distributed over the grate, it will be 
almost impossible to pass sufficient hot air through the bars, though by keeping 
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the Are very thin and porou'i, much may be done by a skilled fireman who does not 
mind the trouble. This method is, however, unadvisable for two reJisons: it places 
too much responsibility 'on the fireman, and tends to waste fuel by admitfing too 
muc^ air. 

There are numerous patents for the introduction of air at the back of the fire—in a. Iwiler 
furnace the use of a hollow bridge is common—but whilst this effects some reiief, it is obviously 



not the best pkce for the introduction of this hot air. A typical arrangement of this kind is .shown 
in h'igs. 4 and 5, repre.scnting the furnace in a Galloway.Hill boiler. The air passes along the 
conduits immedi.itely below the grate bars, a further supply being admitted through the hollow 
bridge. The use of the very numerous patented split bridges and similar devices must, therefore, 
be regarded as merely palliative and not complete remedies. 

The most suitable pl.ice in which to heat the air used for the combustion of the 
volatile matter and soot is to pass it along the sides of the fireplace, from the rear 



Fig. 5.—Trarnsverse Section and Plan of Fig. 4. 
{Gallonmyt Lid,, MancketUr^ 


towards the front—even carrying it through small flues placed in the larger onefc 
if this- appears to be the best way of making it sufficiently hot—and eventuidi|p 
discharging it through numerous small holes in the front of the'fire, so that it' 
may travel over the whole length of the fuel in the grate. By breaking this stream • 
of sefi^dary air into a large number of small streams, and giving it ample time to 
mix with the volatile matter of the coal, the best possible conditions are provided 
for the complete combustion of the latter, and the prevention of smoke, 
vot. I.—3 
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That this arrangement has not been more widely adopted is chiefly due to the lack of attention 
to what actually occurs when fuel is burned, and to a desire on the part of many inventors not to 
interfere with the general arrangement of the furnace. 

To give an example, if the reader will refer to Fig. 2, showing the furnace employed for heating 
an ordinary Galloway boiler, it will be noticed that the secondary air needed for burning the Knoke 
(the primary air comes up through the grate) must he introduced cold through the door in front of the 
furnace, in order that it may mix with the volatile matter at tlie moment of its production, and so travel 
with it and burn it. No attempt, iheicfure, is made to preheat tire secondary ” air, except for a brief 
passage of a few inches over the burning coal in the front part of the grate. If, however, this 
entering “secondary” air were not thus directly introduced cold from the front, but instead was 
first introduced at the opposite end of the furnace, and made to pass down flues in the brickwork 
surrounding the boiler (where it would become very hot), and then dischtirged intensely hot 
through a series of flues placed just in front of the furnace, so as to introduce it to the smoke and 
volatile matter just as these were being formed (.and not—as in the use of a split bridge—when 
they have had time to condense into a soliti soot), the hot secondary air would instantly burn the, 
volatile matter and so check the proiluction of smoke and the waste of fuel this represents. 

The preliminary heating of the entering air is always used in large modern gas- 
fired furnaces, the heating arrangements (known as “Regenerators,” “Recuperators,” 
or “Heat-Restorers”) being described in detail on p. 43, under the heading 
“Regenerator I’rinciplc.” Unfortunately, in ordinary steam boilers no attempt is 
usually made to preheat the air sufficiently to secure the proper combustion of 
the fuel. 

Many boiler furnaces are provided with an opening in the doors, and behind 
this, at a distance of about 2 in., is a perforated plate which is supposed to admit 
fresh air, to divide it into numerous streams and to heat it before it reaches the 
volatile matter of the fuel. Such an arrangement cannot be satisfactory, for the 
simple reason that it cannot provide one-tenth of the amount of hot air necessary, 
with the result that the fireman opens the furnace door and admits cold air in a 
single stream instead of innumerable small streams of inten.sely hot air. 

No fuel can begin to burn until it is raised to its ignition temperature 
(see p. 44), which (for coal) lies between 330" and 750" C, according to the nature 
of the constituents, the more solid portions igniting more readily than the gases. 
In order to secure smokeless combustion, it is necessary to provide the secondary 
air at a temperature not far short of that at which iron becomes red hot (700" C.). 

The amount of secondary air depends upon the volatile matter in the fuel. It 
will be not less than twelve times the total weight of volatile matter present, and 
in a coal containing 30 per cent, of volatile matter no less than 50 cub. ft. (measured 
cold) for each i lb. of coal burned. Hence if a ton of coal is burned in ten hours, 
no less than r 1,200 cub. ft. of air must be admitted per hour above the grate, and 
quite apart from that admitted below it. As the volatile matter is not driven off 
steadily, but in great rushes each time fresh coal is put on the fire, the actual 
supply of hot secondary air must be delivered at a greater rate than that just 
mentioned, but there will be corresponding intervals when no hot air is needed. 
It is usually possible to utilise a dash-pot arrangement, so that each time the furnace 
door is opened a definite quantity of hot secondary air will be admitted to the 
furnace at a suital^Je rate, the supply being stopped as soon as the volatile matter 
has been removed. If the damper in the main flue is simultaneously lowered 
during the time that the door is opened, the loss of heat and the waste of fuel will 
be considerably reduced. 

The grates used in furnaces vary according to the nature of the fuel employed, 
a clinkering fuel containing much ash being more easily burned on a sloping grate 
than on an ordinary flat one. Poor fuels are also burned on sloping grates in order 
that a larger amount of surface may be exposed at a time. There is an enormous 
number of different patterns of grates, but they may be included in the following 
groups 

Plain flat grates arranged horizontally, for ordinary furnace coal. 

Plain sloping grates, for small or poor coal. ' 

Grates with ribbed bars, either level or sloping, for small fuel, supposed to 
admit more air through the grate to the fuel. 
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Grates with rocking bars, for fuels which form much clinker. 
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fuel can be added in sufficiently small quantities at a time no smoke will t 
produced, as sufficient hot air can be admitted in a constant stream to secure th 
adequate combustion of the more volatile portions of the fuel. In hand-fire 
boilers it is the fact that a considerable quantity of fuel is added at a time Aha 
causes the bulk of the smoke. Automatic stokers are provided with means fo 
delivering the fuel from a hopper into the furnace; rams, screw conveyers, or grate 
in the form of an endless band being used for this purpose. 

Simplicity of working parts, non-liability to i>e affected by the heat, and the delivery of 
small but constant supply of fuel are the chief requisites in an automatic stoker. In the underfee 
system the fresh fuel is supplied below the fuel on the giate, so that the volatile matter has to pa: 
tnrough a layer of glowing fuel: this retains the sooty particles, and raises the tcmjierature of tl: 
gaseous matter to its ignition |>oint, thus giving a smokeless combustion. 



Fid. 7.—Cross Section of Underfeed Stoker in Flue of Lancashire Boiler. 


Fig. 6 shows the longitudinal section of the Underfeed stoker as fitted in the flue of 
I^ncashire boiler, and Fig. 7 a cross section of the same. By means of a screw conveyer, fu< 
is fed in continuously to an inclined or terraced grate. The action is made clear by Fig. ; 
which shows a cross section of the stoker in the flues of a I.Ancashire boiler. 

A is the retort or fuel magazine, in the lower or circular part of which revolves a taper feedin 
worm which conveys the coal. B shows the terraced grates, c the wind l)ox, and D the green coa 
which, being gradually pushed up to the burning point, commences to ignite at the point S, whei 
it meets the incoming air from the tuyeres. 

At s the coal is coked, r>., deprived of its volatile hydrocarbon gases. These being mixe 
^with air introduced at this point through the air inlets of the fuel magazine, and escape bein 
possible only by rising through the glowing coke above, they are heated to such a high temperatm 
that they are completely consumed without smoke, Vhilc the combustion of the fixed carbon of tV 
coa! is completed by die air introduced through the apertures in the sides of the terraced grates B. 

The emet of this method of underfeeding is to keep a perpetually clear, bright sur&ce < 
incandescent fiiel, which always produces its maximum steaming effect upon the boiler without t\ 
inevitable fluctuations of furnace temperature consequent upon hand-firing. ^ 

Thus, smoke is practically impossible with the most highly bituminous coals, and as tl: 
combustion of the gases is alt but complete by the time they Imve passed through the ever-preset 
superincumbent layer of glowing coke, a clear, short flaming fire results, so that the final an 
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perfect burning of the gases is not prejudiced by their inevilable contact with the comparauVely 
cold heat-absorbing tubes or plates orthe boiler. 

In the “ Koker Stoker,” another well-known automatic stpker (manufacrared tq' Meldrams Ltd., 
Manchester), the fuel is fed in small quantities to the furnaces through a hopper by means of a ram 
(se^Fig. 8). . 

In the “Bennis” patent machine stoker (Fig, 9), made by Ed. Bennis & Co. Ltd., Bolton, 
the fuel fells from whopper on to the bottom of a feeding box and is pushed intermittently by * 
pusher plate on to another plate, from which it is thrown into the fire at suitable intervals by means 
of an angular shovel, actuated by a coiled spring and air cylinder. The shovel scatters the fuel on 
to the fire in four divisions, each about 18 in. long, so that in a 6-ft. furnace the fuel is only thrown 
on a quarter of the fire at a time. The grate consisu of tubes covered with interjocking bars to 
protect them from direct contact with the fuel. The grate moves forward about 2 in., and is thcQ 
drawn back by means of cams on a transverse shaft. This action carries the fuel forward until Ae- 
clinker and ash drop over the end of the grate into a closed chamber, from which they are emptied 
once or twice daily. Air is forced through the grate by means of fine jets of superheated steam, so- 
that the draught is uniform over the whole grate area. The rate at which the fuel and air are 
supplied can be regulated with great accuracy in a simple manner, thus securing the satis&ctory 
combustion of almost any kind of solid fuel. , 

The Babcock ft Wilcox Chain Grate Mechanical Stoker {Fig. 13) is of the coking type, 
its working being based on burning 
the coal in such small quantifies 
that the combustion of the gas 
from each charge is completed by 
passing it over the incandescent 
fuel. Tlic grate consists of an 
endless chain of short, interlocking 
cast-iron bars, linked together and 
driven by a revolving drum at the 
from of the stoker, any required 
variation in speed l>cing cfl'ected 
by a patent gear box. Any small 
repair, such as replacing a link, 
can l>e carried out with the stoker 
in place, but in case of need the 
whole stoker can be brought out 
clear of the boiler. The rate of 
comtkustion can be r^ulated to 
suit the class of fuel and varying 
demands for steam by altering the 
depth of the fire (by means of a 
vertically moving fire door), and 
by increasing or diminishing the 
speed of the grate. I'he makers 
claim that this is the only form of 
stoker in which the undue admis¬ 
sion of air at the l.>ack is prevented. 

From what has been pre¬ 
viously stated, it will be un¬ 
derstood that for good combustion and economical heating it is essential that the 
following conditions shall be observed with solid fuel:— 

(1) The fireplace must be so constructed that the fuel is heated to its ignition 

point and is supplied with sufficient air. * 

(2) The combustion chamber must be of such a size, and at such a tempera¬ 

ture, that when the gaseous fuel and air enter it they can at once 
combine in the most desirable proportions. No matter what tem¬ 
perature may be needed in the goods or materials to be heated, the 
combustion chamber must be at a sufficiently high temperature to 
ensure the complete combustion of all the constituents and distillatiQQ 
products of the fuel. * « * 

(3) The furnace proper must be constructed in such a manner that the 

hot gases arriving from the combustion chamber may be used as 
efficiently as possible. For this purpose they must be distributed 
uniformly in this portion of the structure, and must be retmned in it 
(either by its shape or by the use of baffles) until they have lost so 
much heat as to cease to be useful. 






Fig. 9.—Application of Bennis Machine istoker anil Compressed Air Furnace to Lancashir Boiler. 
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(4) The draught producer (fan or chimney and connecting flues) must be of 
ample power, and under such control as to secur^the correcLmixing 
of the gases and air and their right distribution in the combustion 
chamber and in the furnace proper. 

These principles are often applied carelessly, as will be seen in the following 
instances:— 

In domestic fireplaces nr> proper combustion chamber or furnace Is provided, so that the 
combustion takes place under conditions which are extremely wasteful in fuel, and highly productive 
of soot. The greater part of the heal used in heating the room U that radiated from the glowing 
fuel, the burning gases contributing very little to tlie beat u.sefully eniphiyed. A much lietter use 
of the fuel for the same pu^po^e would be effected by burning it in a closed stove either of the 
pattern used in this country for small halls, or that used on the Coniincnt for domestic warming, 
but the British idea of comfort re([uires ihe bright appearance of tlie open fireplace in spite of its 
admitted drawbacks and expense. By lilting the back forward, so as to leave a narrow throat or 
exit to the chimney, the rale of comliustion is lowered, the volatile matter escapes less rapidly and 
is more thoroughly consumed, whilst the effective radiation of heat is not seriously affected. In 
these slow combustion fireplaces a saving of about 20 per cent, of the fuel is effected, but even 
with them at least half the fuel is burned without its heat being used to warm tlie room. 

In paO'boilers the vessel containing the Ikpiid to be heated is fixed above a grate on which the 
fuel is burned, a small chimney being provided to carry off the gases at the level of the mouth of 
the pan. This arrangement is moie economical than the domestic fire, but is far from satisfactory 
so far as its cfticiency is concerned. The fire ought to l>c placed at one side of the pan, and the 
latter ought to be fixed so that it is heate<l by gases which have undergone complete combustion. 
This would increase the cost of construction very greatly, and such an arrangement is, for that 
reason only, emplojed when the boiler is to be in constant use, and the waste of fuel is considerable. 
For domestic “coppers” the okler arrangement is used. These may be made more efficient by 
burning as large a proportion as possible of coke or cinders with the coal, so that the |xin is heated 
by iadialion rallier than I)y hot gases. ^ 

In steam boilers (see Fig. 3), us<‘{l for the production of steam for engines and other 
purposes, a hrjrizonfal cylinder is placed above a grate fjn which tlie tuel is burned, the heat from 
the fire acting jxirlly on that portion of the boiler immediately aliove it, and partly being carried 
by the gases through a .series of (lues (termed the boiler “ setting ”) before reaching the chimney. 

In such an arrangement the fireplace is under the boiler, wliich results in the combustion chamber 
being too short and, therefore, unduly cooled by the metal t)f the boiler. Consetjuently the fuel 
is incompletely burned, and soot is deposited on the metal of the boiler, thereby reducing its 
efleclnc heating surface. The flues comprising the “setting” form the “ furnace proixjr ” in this 
ca.se, and in them the most effective part of the iicating is carried out. This is the reason for 
making these flues of a zigzag <Iesign; it increases the surface of the metal which is heated' by 
the gases passing llirough the flues. 

Water-tube boilers resemble retort furnaces, and the same conditions apply to them, the 
water lubes taking the places of the metal retorts. 

A common defect in the furnaces used for boilers (see Figs. 2 and 3 for ordinary boiler furnaces) 

.s the c.mission of a heat-resisting cover for the part of ilie furnace immediately above the grate, and 
for a .short distance beyond u at the back of the fire. The ah.senre of .such a cover is one of the 
commonest sources of loss of heat and the production of smoke. The neces.sity of maintaining the 
fuel at a sufficiently high temperature until it is completely burned has already been mentioned; 
if it cools below its ignition point it cannot burn properly, and must therefore escape unburned or 
it will produce soot and smoke. Anything which cools the upper part of the furnace unduly will, 
therefore, produce imperfect combustion. Of all the cooling agents, tliat consisting of a metal 
vessel containing water is the most effective, and yet in most Ixulers it is customary to find that the 
front of the furnace immediately over the grate is covered by part of the boiler—thereby providing 
the best possible means for wasting fuel and making smoke. In existing lioilers, it is not ca^y 
to avoid this serious difticulty, as there is .scarcely sufficient head-room, hut where there is sufficient 
space the provision of a fire-biick arch immediately under the boiler, so as to keep the fire^gases 
from coming into^ contact with it until they have passed the bridge, will prove a great aid to * ^ 
complete coml)u.stion, and will not, if the Iwiler ks properly mounted, reduce the effective heating 
surface. A good plan in some instances is tti pull the fire-grates forward for several feet, and to 
build a fire-brick arch and fireplace in front of the boiler so as to secure a combustion chamber of 
adequate size and temperature (see Fig. 2). Fire-bricks being poor conductors of heat do not 
cool the flames like metal, and so enable the combustion to proceed to a conclusion. In a water- 
tube boiler (see Fig. 3) a fire-clay slab or slabs should be fixed over the grate and below the 
lowest tubes, for the same reason. The erroneous construction of the top of the furnace is largely 
due to a desire to keep boilers as short as possible, and to a failure to realise what occurs in the 
combustion chamber; too many designers of boilers fail to realirc that the heating of the boiler 
should .lot take place in the combustion chamber, but in the “ furnace proper,” which, in the case 
of a boiler, is the flue system immediately behind the fire. 

In reverberatory furnaces (Fig. 10) the most obvious feature is the hearth or furnace proper. 
The fireplace is built at one end of the structure, and the air supply is so arranged that the fuel 
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burns with a long flame which extends over a large part of the hearth. The combustion chamber 
thus occupies a portion of the fireplace, but combustion occurs chiefly in the hearth, which is made 
lone foi this purpt^. If such furnaces are to be used for roasting ores, the conditions must be 
oxidising and there is no need to produce any smoke, but if the reduction of ores is to be effected, 
a smoky flame is required, and the production of soot and smoke cannot be avoided. In itijelf, a 
reverberatory furnace is excellent for the combustion of the fuel,^ut the top of the fumnce becomes 



intensely hot, and the heat there is not utilised, .so that these furnaces are not really economical, 
unless heaterl by gas, when the hot top may be utilised for heating the secondary air. 

Crucible furnaces are heated by direct radiation of beat from the fuel, so that a non-flaming 
fuel such as coke is used. The combustion takes place between the pieces of fuel surrounding the 
crucibles to be heated, and no special combustion chamber or hearth is requited. A number of 
brass furnaces, cupolas, etc., are based on this principle, and the production of smoke is avoided 
by the use of coke. This is made possible by the fact that the articles to be heated can lie placed 
in direct contact with the glowing fuel, which is not the case with boilers, etc. 

In blastfurnaces and gas producers (sec I'ig. 12 and Section Xlll.) the structure is in theform 
of a wide chimney, somewhat enlarged about one-third its height. A mixture of fuel and materials 
to be heated is introduced through the top, and ait is forced in below. The fuel in the lower part 
burns, and any volatile matter rlistils off, and is retained in large part by the mass of fuel above. 
In the upper part of the structure the more volatile portions and the unbumed g.as pass away. 



I'li;. II.—Plan of Reverberatory Furnace (after Middleton). 


and if properly worked, no smoke is produced. Such furnaces produce large quantities of gas and, 
if this M burned in suitable burners, a large amount of heat can be obtained,' and smokeless com¬ 
bustion assured (see p. 47). In such furnaces and producers there is no hearth or combustion 
chamber, so that the greater part of the fuel is gasified without being burned j such furnaces are; 
in fact, large fireplaces, and if the heat from the fuel is to be fully utilised, t^e gas produced bust 
be burneti in a separate combustion chamber connected with a hearth or furnace pro^r, containing, 
some other goods or materials to be heated. HoWever valuable a blast furnace may be for the ■ 
smelting of metals from their ores, as a furnace it is quite incomplete for the reasons just given.' 
Hence the utilisation of the so-called waste gases is an important feature in the economical worldng 
of such furnaces. 
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Shaft (Litne) kilnt are similar, but the CO3 from the limestone prevents the gas being used 
^ a /uel. The reduction of this gas to carbon monoxide by passing the kiln gases through a M 
of glowing coke and utilising the revived gas is not, as yet, a no 

commercial success- 

Retort fumacei (see Fig. 15) consist of a series of closed I 

vessels—retorts->-containing the material to be heated, a hre J : — Z'hlX 

placed below tliem being used for this purpose. According 
to the nature of the heat required, the retorts may be sur* cas pluc^ o^nc 
rounded by a non-flaming fuel, such as coke {rf. Crucible 
Furnaces), or they may 1 ^ fixed ^bove the Are and heated by 
the g^s. If the retorts are made of Are-clay (as in the dis- 
tillation of coal), they may be Axed immediately above the 

fuel on the grate, for they will not materially lower the tern* I \ 

perature of the volatile products undergoing combustion, but 
jf metal retorts are used, a slab of Are-clay should be placed 
beneath them, and the retorts heated solely by the gases. In ' 5 - “ 

retort furnace, the furnace proper is the part where the 
‘ retorts are placed, the-gases being led around the retorts so as 0 

<to heat them as uniformly as possible. By placing melal u 

retorts too close to the fuel they effect a cooling of the volatile mM E 
matter, interfere with complete combustion, and produce a t ^ 

-deposit of soot, which means a waste of fuel. 12 ^ B ' 

Coke ovens consist of chambers or kilns in which coal " 
is heated so as to distil off the gas, tarry and volatile con- ^ g v 

stituenls, leaving a residue of coke. By utilising the wa.ste Sf' 

heat from one oven to heat others in a series, a great saving of Mq 

fuel is effected and the by-products are recovered more com- ^ ^ 

pietely. For further details see p. 51. 

A water-tube Iwiler of well-known design is shown in — ta ai —I m 

Fig. 13. It consists of a horizontal cylinder, below which are .. . 

-a number of parallel tubes placed in and al>ove the combustion 
chamber of the furnace. The water, being divided nto a series 



Fid, 13,—Baljcock & Wilcox Water-tube Boiler, with Superheater and Mechanical 
Chain Grate Stoker. 

(Saieeck &* Wilc9X Ltd,y Gltugm^ 
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of small portions in the lubes*is rapidly converted into steam and rises up the vertical tubes to 
the cylinder above. Any water present in the steam returns to the tubes and is reheated. A mutf 
collecttft is attached the lowest part of the tubes to collect any boiler deposit which be ’ 
formed. A superheater is fitted between the water tubes and the cylinder, and the steam from the- 
boiler, when passed through tliis, can be superheated to any desired temperature. An indcpfndent 
superheater may be used if desired. 

Kilns and pottery ovens consist essentially of a large structure in wliich the goods are placed 
(forming the furnace proper), this being surrounded by a series of fireplaces in which the fuel is- 
burned and volatilisc<l. The combustion chamber is made l»ylhc space between the exits of the 
fireplaces and the goods to l>c heate<], so that a kiln must not lie filled too full. In a dome-shaped, 
down-draught kiln, the dome forms a most efficient combustion chamlxrr, the burned gases frora^ 
which pass downwards among the goods, and raise them to the desired temperature. 

In the Hoffmann continuous kUn the fuel is burned in specially constructed fireplaces inside 
the kiln, the great space above the fuel, together with that between the fuel and the bricks or lime 
to be burned, forming the combustion .space, and the remainder of the kiln the hearth. This type 
of kiln is very efficient, as if properly managed the combustion is almost i)erfect, and the utilisaliorr 
of heat is such that the gases can be withdrawn by a fan at a temperature of only l50‘’-200‘' C. 

Muffle furnaces are a form of kiln provided with a lining of refractory material, so as to 
prevent flame from reaching the goods being healed. Apart from this, they closely resemble 
other kilns. 

Dust Firing has greatly increased in popularity in recent years on accoutft 
of its two chief advantages—efficiency of combustion and cleanliness in the 

furnace. The fuel used is 
coal, which is dried and 
ground so finely that 90- 
jjcr cent, of it will pass 
through a sieve with 200 
holes per running inch.' 
This dust is then blown 
into the kiln through a 
s[)ecially designed nozzle 
(Fig. 14), when it catches 
fire and burns with a 
peculiarly long and in¬ 
tensely hot flame. It is 
specially used in the burn¬ 
ing of cement in rotary 
kilns (</.r.), but is capable of 
a much wider application. 
It approaches more nearly to ideal combustion than any other method of burning 
coal, and is about 20 per cent, cheaper than producer-gas, which is its chief rival. 

FURNACES FOR LIQUID FUELS 

Liquid fuels, when used for heating purposes on a large scale, are first brokeru 
up into minute drops (“atomised”) by passing them through an injector with' 
a current of air. ^n this form they may readily be ignited and burn with a long, 
flaring flame of great intensity, the heating power of which depends on the size 
of the drops and the air pressure. A typical buftier for this purpose is shown in 
Fig. I, p. 26. 

This arrangement is much belter than that sometimes adopted for burning tar and very thick 
oils, viz., allowing the liquid to drop on to a mass of hot coke and so burning it. After a lime the 
tar forms its own coke, and the burning m.iy be continued indefinitely with tar alone. This 
method of working al\\ay.s produces some .smoke, and it is difficult to luirn the tarry residue 
produced, so that it is only used for primitive furnaces where tar is very cheap, and compressed 
air is not available. 

Liquid fuels are little used in Great Britain, but in the United States they 
are extensively employed. Where it can he obtained cheaply, oil is intermediate 
in convenience between coal and producer gas, and for some furnaces is preferred 
to the latter on account of the simplicity of its use, no “ producer ” being needed. 

For the advantages of liquid fuels in furnaces, see p. 26. 



FURNACES 


45 


GAS-FIRED FURNACES 

The combustion of gaseous fuels is quite different in many respects from that 
of solid fuels. If the gas is sufficiently inflammable to burn on simple admixture 
with air, it will usually produce a flame of noticeable length, the direction of 
which will depend on that of the gas and air entering the furnace. By varying 
the direction of each, flames of very different character may be obtained. For 
most purposes, a Bunsen burner is used, or the gas and air enter through ports 
made of fire-brick and immediately mix together and then commence to burn 
a short distance from the ports. The length of flame and the intensity of the 
heat are regulated by turning on more or less gas or air as the case may be, this 
part of the operation being much simpler than when coal is used direct as a fuel. 

Fig. 15 shows diagramnialically how gas-firiog is employed 
for heating the retorts in ordinary coal-gas manufacture. 

A complete drawing of a modem gas fired retort, fitted witli 
regenerators, is given in Fig. tfiS, Martin’s “ Indusliial Chemistry ; 

Organic,” p. 391. 

A typical modern gas-fired furnace, in whicli the burners act on 
the Kunsen principle, is described in this volume under Coke-Ovens, 
p. 53 (Otto Furn.ace). 

Provided that sufficient space is supplied for the 
mixing and combustion of the ga.ses, a perfectly .smoke¬ 
less flame is produced, but if the supply of air is too 
limited, or the mixture is not allowed to burn [iroperly, 
a luminous, smoke-producing flame may be formed. 

Gas-fired furnaces are built on precisely the same lines 
as those used for burning coal, but as the fuel is already 
gaseous, no fireplace is needed. Where some designers 
of gas-fired furnaces have erred is in omitting to provide 
sufficient space for the combustion of the gas and air. 

The chief difference between a furnace fired by gas and one fired by coal is the 
necessity for providing a supply of hot air. The heating of this air is effected in 
flues placed in convenient parts of the furnace (see Figs. 2 and 6, pp. 52 and 54), 
so that only waste heat is used. This gives to drawings of gas-fired furnaces a 
different appearance from those for burning coal, but the difference, as explained, 
IS more apparent than real; more especially as many coal-fired furnaces would 
be increased in efficiency if flues for heating a suiiply of secondary air were 
provided. 

Owing to the greater case with which the rehative proportion.s of gas and air can be regulated, 
it is [xissihlc to attain miicii higher temperatures with less injuiy to the furnaces tlian when coal is- 
used. Hence the use ol gas i.s rapidly extending, as it is easier to manage, is cleaner, and fewer 
spoiled goods are produced. 

The Regenerator Principle.— The great importance of supplying hot air 
for combustion in the furnaces has already been alluded to at some'length on p. 32. 

In large furnaces, such as those used in iron works, this is provided by allowing 
the hot gases passing away from the furnace to heat the incoming air, so that the 
former are cooled in passing from the furnace to the chimney, while the cold 
incoming air is raised to a very high temperature. 

Siemens, in his famous Regenerative Furnace, achieved this by fitting each 
furnace with at least two chambers, called Regenerators, filled with a chequer- 
work of bricks, through which gas or air can readily pass. The regenerators are 
usually placed underneath the furnace as shown (Fig. 6, p. 54), and by means of 
suitable valves the hot waste gases coming directly from the furnace are allowed 
to pass through one regenerator, while the air needed for combustion passes 
through to the other in the furnace. The hot gases from the furnace gradually heat 
the brickwork of the regenerator to a very high temperature, and as soon as this 
is achieved the valves are altered so as to deflect the incoming air into .the hot 
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regenerator, and the hot waste gases from the furnace into the cool one. The resul 
is that, before naching the furnace^ the incoming air must pass through a layer o 
very hot brickwork, and so become intensely heated, while the heat carried off bj 
the waste gases is usefully employed in heating the regenerator, which has beer 
cooled by imparting its heat to the incoming air. The alternation of the gas and 
air through the regenerators is made four or five times per hour. 

This is the process which first made gas furnaces a practical success, enabled very high tempera* 
tures to be attained therein, and cfl'ecled a very great fuel economy. 

Recuperators are another form of appliance designed to utilise the waste gases 
for heating a supply of air. There are numerous patterns, but the most important 
consist of a series of pipes placed in a chamber, flue, or another series of pipes. The 
hot gases pass through the latter in one direction, whilst the air passes inversely 
through the former. Recuperators have the advantage of keeping the air free from 
the products of combustion, but its temperature is not quite as high as when a 
regenerator is used. Recuperators work continuously and require no reversing 
valves. 

In furnaces such as Punsard’s ihe air to be heated passes through channels in perforated bricks 
on its way to the furnace, while tlie hot gases from the furnace circulate around the outside of these 
bricks, and so heat them (and the air passing through their interior) to a high temperature. 

Again, in (lorman’s “Heat Restoring I'urnacc” the incoming cold air for llie furnace passes 
thr«>ugh a system of fire-clay tubes, while the hot burnt gases from the furnace circulate around these 
lubes and heat them. Sec also Martin’s “industrial Chemistry: Organic,” Vol. I., Kig. l68, 
j>. 391, for an arrangement whereby the waste gas flues and the flues of the incoming cold air run 
[parallel to each other, and so interchange their heat, the air entering the furnaces at a high 
temperature and the waste gases escaping to the chimney at a temperature of only 300'" C., or just 
■sufficient to create an adcfjuale draught. 


CHEMISTRY y\NI) PHYSICS OF C0MBU.ST10N 

Complete combustion is said to occur only when the whole of the fuel has been 
oxidised or burnt to the most complete extent'possible. With the fuels ordinarily 
used this occurs when all the hydrogen present has been converted into water and 
all the carbon into carbon dioxide. In this state, the maximum amount of heat 
possible has been developed, as the conversion of the original substances in the fuel 
into the two oxides named is the end of a series of reactions of a chemical nature, 
the total effect of which is the evolution of a definite amount of heat. That the 
whole of the heat so liberated may not have been usefully employed has, of course, 
nothing to do with the case. An extended series of investigations has shown that 
when any element burns, i.c., enters into combination with another to form an 
oxide, a definite amount of heat is liberated, and this amount is constant, no matter 
what are the conditions under which the reaction occurs. This fact furnishes a 
definite means of ascertaining how much heat is produced in a given case, and by 
comparing this with the heat actually measurable, the efficiency of the plant or of 
the fuel may be Ineasured. 

Unfortunately, no actual results on a commercial scale come anywhere near the figures 
rc.ilisahlc by perfect combustion under ideal conditions —gaseous fuel being the nearest—so that the 
comparison is somewhat disap(K)inting, and its actual value is problematical. 

It is an essential condition of combustion that the fuel and air (or oxygen) must 
be at a suitable temperature for the reaction to take place. This is known as the 
temperature of ignition, and varies with different fuels and with their physical 
form. 

0 . Dammer give.s the following as average figures 

for jieat .... 225° C. 

,, pine wood .... 295® 

,, coal .... ^^26“ 

,, wood charcoal - > - 400“ to 800”, according to temperature 

of prejiKiration. 
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Dixon and Coward give the following ignition temperatures for gases in air, those for ignition in 
oxygen being slightly lower 


Hydrogen - 
Carbon monoxide 
Ethylene - 
Methane ■ 
Ethane 
Acetylene - 


a 

j8o to 590° C. 
644 „ 658° 

S 42 M 547 " 

650 .. 750" 

520 „ 630° 

406 ,, '440° 


The upper limit of combustion is fixed by the temperature at which water and carbon dioxide 
begin to dissociate ; this is just above 2,200“ C. 


The amount of available heat produced by the combustion of a fuel under 
given conditions is measured by ascertaining the rise in temperature of a known 
weight of a suitable substant e, which is heated under the given conditions by a 
known weight of fuel. In the case of coal used for boiler firing, the amount 
of available heat is measured by finding the number of lbs. of water evaporated by 
each lb. of the fuel. For this purpose the boiler is filled with water, and when this 
is boiling properly the fire is cleaned out and the heating is continued with a 
weighed quantity of fuel. The steam produced is condensed, and the water thus 
produced is weighed; its weight represents that of the water evaporated by the 
weight of fuel used. 

Tf) obtain accurate results it is necessary to continue the heating for several hour-., so as to u.se 
a sufficiently barge quantity of fuel: short te.sts arc often very misleading. 

I lb. of good coal should evaporate 15.2 lbs. of water at 100° C., or 212' F.; 
coke will only evaporate 14 lbs.; dry wood, 11 lbs.; petroleum oils, 28 lbs. of water 
per I lb. of the fuel. 

The evaporative power of a fuel may also lie calculated from its com|X>siiion by assuming that 
each I lb. of carbon has a calorific power of 14,544 Il.T.U., and dividing this by the latent heat of 
water (967). This gives 15.0 as the evaporative power of pure carbon, and a similar calculation 
shows that of hydrogen to be 54.6 lbs. 


Heat Units. —For many purposes the evaporative power of a fuel is an incon¬ 
venient unit, and the amount of heat is therefore measured by ascertaining the 
weight of water which i lb. (or i kg.) will heat sufficiently for its temperature to be 
raised 1° F. (or C.). For very accurate work, the temperature must be raised from 
6 o°i6i° F. (or o"-!” C.) The amount of heat thus produced is termed a British 
Thermal Unit (B.T.U.) if it suffices to heat i lb. of water i" F., or a Calorie if 
it suffices to heat i kg. of water 1° C. 

To convert a quantity of heat in (kilogramme) calorics into B.T.U., multiply by 3.968. 

To convert a quantity of heat given in B.T.U. into (kilogramme) calories, multiply by 0.252. 

The measurement of these heat units is effected by burning the fuel in a 
calorimeter (p. 8). The number of units of heat produced by a unit of weight of 
fuel is termed its calorific power, so that the thermal value of the reaction which 
takes place between the fuel and the oxygen of the air when the fufl is burned is the 
same as the calorific power of the fuel, provided that the combustion is complete. 

In the case of carbon, the product of combustion may be either carbon monoxide (CO) or carbon 
dioxide (COJ. The former m,ay also burn and form the latter, the heat units evolved being as 
follows:— 

C + 0 .i = CO„ - - 174,528 B.T.U. 96,960 Cals. 

CO + O = CO2 ■ ■ 122,328 „ 67,960 ,, 

• CO = - - • 52,200 „ 29,000 „ 

which, divided by 12 (the atomic weight of carbon), gives 

Calorific power of C to CO = 4,350 B.T.U., or 2,416 Cals. 

• „ „ C to CO2 -• 14,544 .. . *.080 „ 

It is important to notice that the second atom of oxygen combining with the carbon evolves 
more than double the h»t of the first. This is probably due to the advantage gained from the use 
of gaseous fuel, heat being used in the vaporisation of the solid fuel. 
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As already explained, the calorific power of solid fuels gives but little indication 
of tjjeir practicjil value, but that of gaseous fuels is of great importance. This is 
due to the gases being burned under conditions much more closely resembling each 
other than when solid fuels are burned in a calorimeter and a furnace respectively. 

The calorific power of .1 fuel is always less than that of the sum of its constituent elements, as 
some heal is ab-sorbed in the foimalion of the fuel itself. This heat of formation can be ascertained 
when rc(|uire(l. In the case of Matsb-gas (methane) the beat t)f formation is 25 per cent, of the 
total beat of combustion of the constituent elements. Hence the use of formula- for calculating the 
calorific power of fuels must always be unsatisfactory. 

'I’hc highest temperature attainable by the combustion of a fuel is termed 
the calorific intensity, and is necessarily of a somewhat theoretical nature, as so 
much allowance has to be made for various factors affecting it. 

Theoretically, the maximum temperature attain.able is foiiml by ciititiing the calorific power of 
(he fuel by the product of the weight of the products of combustion and the specific heat, but such 
highresults are never attained in aclu.al work. Such a calculation does not sufficiently t.akc into 
account the cooling cHecI of the w.alls of the furnace or other arrangement in which the fuel is 
burned, nor of the diluting efiaa of the excess of air which must lie admitted in practice to secure 
a complete comluistion of tile luel 

IVith coal it is seldom that a tcnipemture higher than 1,600" C. can be reached 
by goods in a furnace without a blast, nor more than i,Soo° b)- goods in a 
furnace where a blast is used. Some materials heated in direct contact with the fuel 
may attain higher temperatures locally, but the figures just mentioned repre.sent the 
highest available over any considerable part of the furnace. With gaseous fuels, on 
the contrary, considerably higher temperatures may he attained, especially if the 
gas is rich and both it and the air are lieated. Using ordinary town gas and hot 
air, both uniler pressure, the author has succeeded in obtaining a uniform 
temperature of 1,980 C. in a furnace of rather more than 3 cub. ft. capacity, hut the 
ordinary furnace linings are useless at this temperature, and pure alumina bonded 
with a little fire-clay will only resist it for a few hours. This temperature may there¬ 
fore be taken as the practical limit for gas-firing with air (see ji. 11). 

When oxygen and coal-gas ate used llie temperature at the extreme tip of llie (lame has been 
found liy J-'thy to be 2,2tX)^ L’., and it is doubtfiii whether any higher temperature can be obtained 
liy tile use of fuel. Much bigber lempeiatures can be obtained in small electrically heated liirnaces. 

Excess of air is one of the most frci|uent causes of low calorific intensity in a 
furnace, for each unit of air in excess of that required for the ronibustion absorbs 
heat in being raised to the temperature of the gases with which it is mixed. Air 
may be regarded as a mi.xture containing 21 per cent, of o.xygen by volume and 
23 [ter cent, by weight. The remaining constituents may, for all practical purposes, 
be regarded as nitrogen, tind inert except as a diluent. Hence the weight of 
air required for a fuel can he calculated from the percentage of its constituents by 
means of the following table. 


Weights of Oxvcen anu Air Rfquirkp for Comuustion 


(V 

Dxygcii. 

Air. 

One pan liy weight of— 



Carlwn ..... 

2.66 

n,i ;6 

Hydrogen - - - • . 

8.00 

34.8 

Carbon monoxide (C'O) 

0.57 

2-5 

^fethane .... - 

4.0 

17.4 

Kthylene . - . . . 

3-43 

14.9 

Acetylene - • - - . 

2.86 

12.4 


At ordinary atmospheric temperature and pressure, i cub. ft. of air weighs 0.07659 lb., and 
the volume of air in cubic feet for most fuels will be 

V = i.57<' -l- 4.7H, 

where <'=the percentage of carbon and ^=the percentage of available hydrogen in the fuel. 
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In actual work an excess of air must be employed. This is found by experience 
to differ with different furnaces. For gas furnaces, the amount of aw actually needed 
will be found by multiplying V (p. 46) by 1.5, for good coal-fired furnaces by 2.0, 
4md for defective firing arrangements by 3, or even by a higher figure. 

The excess of air actually present may be ascertained by an analysis of the flue gases, as this 
•will show the amount of carbon and hydrogen burned. In practice, the hydrogen may be omitted, 
and attention confined to ihc carlion. If the carbon is completely burned to carbon dioxide, the 
percentage of this gas present in the flue gases will show what excess of air is present. Thu.s, if 
only just the right quantity of air had been used, the flue gases would contain 21 per cent, of carbon 
dioxide. Hence the smaller tiie pcrrenlage of COg the greater will be the exce.ss of air present. 
If the number 21 be divided ])y the percentage of tOo in the flue gases, the quotient will be the 
amount of air usetl relative to each volume which should have been employed. Thus, if the gases 

■contain 10.5 per cent, of CO._,, then twice as much uii as i.s theoretically necessary. 

As the temperature of the flue g.ises affects the result, Siegert prefers the following formula : 
y _ o. 72 {T -/) 

CO. 

w’here V=the volume in cubic yards, T i> the temperature of the flue gases in C, and / the 
tlempemlure of the atinosplicrc in ' C. 

The foregcung fftrmiil.e assume the comj)Icto combll^tion of the carbon to C(\ and the absence of 
CQ. This must be determined by testing the gascs. As, however, the formation of ('O is unusual 
in flue gases, it is generally sufficient to ilclermine the proportion of CO^, and this may be done 
autonialically by an Ados or CO_>mbustion meter or similar instrument. 

The use of such an appliance has been found to effect very considerable savings in the quantity 
■of fuel burned, particularly in steam boileis. 

Sources of Loss of Heat in Burning are very numerous, even under the 
J)est conditions rrbtainable in practice. They may be summarised as follows:— 

1. Heat absorbed by tlie furnace. 

2. Loss througli imperfect combustion. 

3. l/Oss through excess of air admitted. 

4. Loss in chimney, including (a) the heat re<.|uired to produce the draught. 

(/') additional heat passing up the chimney. 

5. Loss through imjrerfei t .application of heat to the goods to be heated. 

6. I>oss of heal in Ute ashes. 

The remedies for most of tlicse losses tire fairly obvious, but it is difficult to 
<' irry them out, unless the workmen are strictly sujrerviscd. Some of the losses can 
never be avoided comi)Iet(.-ly, but they can be ntduced to a minimum by care 
and skill. 


S.MOKE AND SMOKE TREVENTION 

Smoke is unburnt carbonaceous material suspended in air, and it is formed as a 
result of incomplete combustion of the fuel. The chief causes of smoke are too 
low a temperature in the combustion chamber (p. 30) or in tha furnace proper 
(p. 30), or the lack of sufficient air. If an ample supply of air is provided, 
and the temperature of the burning materials is sufficiently high until the com¬ 
bustion is complete, no smoke will be formed. If, on the contrary, the air 
is sufficient in quantity, but is not allowed to mix with the burning material until 
the latter has become too cool for complete combustion, smoke will be formed. 
Hence in the prevention of smoke, le, in the provision of perfect combustion, 
there are three essential factors;— 

1. Ample air supply (usually in excess of that theoretically required for 
combustion). 

2. The air and burning fuel must be thoroughly mixed. 

3. Thq mixture must be maintained at the right temperature until combustion 
is complete. 

The majority of cases where smoke is produced are due to the last two 
conditions remaining unsatisfied, premature cooling of the gases being an even 
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greater cause of smoke than is lack of capacity of the combustiotv^hamber. 
Somrj methods of avoiding these defects are given on pp. 32-37, but the difficulty 
in applying them lies partly in the fact of increased cost of construction of 
the furnaces, and partly in the apparent necessity for a luminous flame for some 
purposes. 

In a steam Iwiler of the Lancashire type, for example, many engineers who have given some 
attention to the subject consider that a luminous flame is essential because of its high radiation, a 
luminous flame being able to carry mure radiant heat than a nun-luminous one. In view of the 
high efliciency re.achcd in furnaces in which much higher temperatures are required than in boilens, 
the necettiiy for a luminous flame does not appear to be well founded ; rather should economy be 
sought in the better combustion of the fuel and in a corresponding modrfication of the boiler setting. 
Even admitting the .idvisability of a luminous flame, however, this could be made far more efficient 
by a proper gasification of the coal than by the arrangement usual in boilers at the present time. 

In some industrie.s the preventiott of smoke is impossible ; these are the 
ones in which the heat must be accompanied by a reducing atmosphere—the 
conditions in which smoke is almost essential so long as coal is used as fuel. 
By the employment of gas (producer-gas with or without enrichment with 
oil) the same conditions may he obtained with a much smaller proportion of 
smoke, but the risks involved in altering the furnaces, providing that they do not 
prove satisfactory, or in case the men do not use the same skill as formerly, 
rtiake the owners of existing furnaces very loth to change. When a failure with 
the furnace means a loss of several hundred pounds worth of material, whilst 
the existing furnace continues to give satisfaction, it requires a man of more 
than usual perspicacity to make the necessary changes in his plant. 

Ear exceeding the damage wrought by works, however, is that due to the smoke emitted by 
countless domestic chimneys. The oniinary Imuse grate and kitchen range are peculiarly objection¬ 
able as smoke producers, and cannot be altered without fully changing their ch.rraoier and robbing 
them of the peculiarly comfortable *’ appearance which is the chief reason for their existence. 

Smoke Preventers of various kinds have been jiatcntcd in large numbers. 
They chiefly aim at producing a better combustion by the introduction of a 
further supply of air—usually in an unsuitable part of the furnace. In the 
majority of cases, the best means of preventing smoke is to ensure that the 
furnace is of suitable construction to meet the three conditions mentioned above, 
but when structural alterations of an extensive character are not practicable, much 
may be done by introducing more air by means of an injector or a sliding damper 
controlled by a dash-pot, the air being admitted only during the time when smoke 
is likely to be formed. Means for increasing the draught of the kiln may also 
prevent smoke, as may the introduction of hot air in various parts of the flues, 
though preferably in the combustion chamber. 

As a rule, whist a smoke preventer of a patented nature will usually do much good in cases 
where its aid is desirable, it will generally be found that equal benefit will be obtained by the use 
of an unpatented arrangement designed to secure the three essential conditions previously mentioned. 

Gas-firing, b,v being under better control and free from the chief cause of smoke 
when coal is burned, viz., the imperfect mixture of air and volatile matter and 
too low a temperature in the combustion chamber, is usually smokeless. Unless 
i gas-fired furnace be properly constructed, however, it can produce a large 
volume of smoke, though not as much as a coal fire. The gasification of coal 
before burning is, therefore, one of the best methods for preventing smoke, 
and in many cases it will also be found to effect a considerable saving in the 
amount of fuel used. 

Soot is the deposit formed when products of combustion carrying smoke 
are brought into contact with a cool surface. It is also formed when a luminous 
flame impinges on a surface much cooler than itself, as when a saucer is placed 
in the flame of a candle, or a bright flame strikes a cooler metallic plate., 

The formation of soot is a clear indication of undue cooling, and can best be prevented by 
placing a poor heat conductor (such as a fire-clay slab) between the gases or flame and the objecU>n 
which they impinge. By not conducting the heat, the fire-clay will soon become sufficiently hot at 
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the surfaceiSw the slight film of soot deposited to be burned away, and will remain too hot for any 
further deposition to occur. In some cases it is impossible to avoid the formation of soot without 
radically altering the construction of the heating arrangement. 

Soot is itself a bad conductor of heat, and objects on which it is deposited 
cannot be heated so rapidly as those which are free from this material. Hence, 
where economy in heating is desired, no jiains should be spared to so arrange 
the furnace or heating appliance that there is no deposition of soot on the 
objects to be heated. 

It is quite a mistake to suppose that soot consists entirely of carbon ; in most 
cases it usually contains 16-35 P^r of S’’5 P^f oent. of hydrocarbons, 

the latter being the chief cause of its oiliness. 



Fig. 16.—l’et.spective View of Independently Fired Su[>erl.cater, with Side Wall Removed. 
{Babcock Wilcox Ltd., Glasgoiv.) 


The Production of Superheated Steam.— Superheated steam plays a 
very great part in many chemical industries (as, for example, in Frasch’s process 
of sulphur extraction, in sugar refineries, briquette making, etc.). 

Superheated steam, as its name implies, consists of ordinary steam which has 
been raised to a still higher temperature out of contact with water in the boiler. 
It forms the final stage in the production of steam which is quite dry when it 
reaches the engine or other appliance where it is required, whereas ordinary 
saturated rteam usually contains an objectionable proportion of water, which greatly 
detracts from its value. The degree of superheating varies with the local conditions, 
butit is quite usual for the superheated steam to be 100“ C. higher than the steam 
in the boiler, and for turbines it may be 350° C. higher. 

VOL. I.—4 
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Usually, the superheater is made a part of the boiler, as in Fig. 13, p. 41, in 
whirh a series,of pipes, carrying steam from the boiler, run through the furnace 
itself, and so become raised to a very high temperature. 

Sometimes, however, it is necessary to use a separately fired superheater, as in 
Fig. 16. Steam enters at a, passes through a number of horizontal manifold pipes 
interconnected by tubes o, so that a thorough circulation of the steam is obtained, 
and the superheated steam passes out by the pipe h. 

The hot gases from the fireplace pass through a perforated wall l into a 
muffling chamber o, thence into the superheater chamber containing the steam- 
pipe.s, the hot furnace gases passing round the flame baffles M, and away by the 
damper k into the main flue. 

One serious objection to the use of superheaters is the risk of damaging them 
when first heating up the boiler. To avoid this it is customary to flood the super¬ 
heater, but this is a troublesome procedure which is not wholly free from danger. 
By shrinking a series of cast-iron discs on the suiierheater pipes (as in the Foster 
superheater manufactured by the W'orcester Engineering Works, Worcester), the 
risk of overheating the superheater is prevented, and no flooding is necessary. 
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SECTION V 

COKE OVENS 


Dy Geokfrey Martin, Ph.l). 

Coke Ovens. —We have not space to give more than a sketch of the construction 
of these, and for further particulars reference must be made to works devoted 
specially to the purpose (see pp. i and 29). The ordinary Beehive Oven is built 
of fire-brick lined with clay, being about 8^ ft. high and 11J ft. in diameter at the 
base (see Fig. i). The ovens are built in blocks of twelve or twenty-four. 
The oven is charged with about 7 tons of coal in the form of a coarse powder, 
and an inner or false door of fire brick set in clay is built up so as to prevent the 
coal from running out. 

Usually the furnaces are at a dull red heat when the coal is poured in, and so 



combustion soon starts, the supply of air being regulated by dampers. Sometimes, 
however, combustion is started by lighting a fire on top of the charge. 

The combustion is allowed to proceed in a gradually diminishing supply of 
air, until the whole of the charge inside has become quite red hot. On the fourth 
day die oven is luted up, and on the fifth day it is discharged, the coal being 
converted into coke. The coke is withdrawn by means of long rakes or hoes 
(“cleeks”) through the front door. 

Seven tons of coal yield 4-5 tons of coke. 

These ovens are very wasteful, no attempt being made to recover the ammonia 
or utilise the combustible gas. 

The Copp<e Oven —extensively used on the Continent and in this country— 
is an improvement on the “Beehive.” The retorts are horizontal chambers, 
jb ft. long, and i .J ft. wide and 4 ft. high, built of fire-bricks in stacks of twenty-two 
to fifty as shown, and are worked in pairs, one retort being charged while its 
neighbour is half-coked. When the coking is complete the doors at both ends are 
opened, the coke forced out by a ram cariied on a truck running on rails, and 
quenched with cold water (see Figs. 2 and 3). Time of charging, eight minutes; 
coking, twenty-four to forty-eight hours. 

With the increasing demand for Ammonia and Tar, coke ovens have now 
come into existence in which these products are recovered. While the coal tar 
and the ammonia (through cooling the gases and washing them with dilute 
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Sulphuric acid) were at first the only products recovered, since 1887 benzene has 
been extracted»in large quantities from the tar and ammonia-free gases by washing 
them with heavy oils, which retains the benzene (benzol), so that, especially in 
Germany, more benzene (benzol) is abstracted than the colour industries and 
the carburetting gas installations require. 

In Germany great developments are proceeding, and the coke-oven gases are 
led off and used as illuminating gas for neighbouring towns. 


A £ , 




Fic.. 2 .—Coi)j)6e Retorts, showing Circulation 
of Hot Gases alnnu them. 


In 1909 in Germany there was obtained;— 
Coke with recovery of by-products 
Coke without recovery of by-products 
An^monium sulphate 
Tar - 
Benzene (benzol) 


17,400,000 tons. 
4,000,000 „ 
280,000 „ 
600,000 „ 

80,000 „ 


We have only space to describe a few of the several excellent “Recovery” 
coking ovens, such as arc now extensively used on the Continent. 

.The Otto Oven. —This, like the Coppee oven, consists of horizontal retorts 
placed side by side. I'hcy are charged through openings in the roof, and 
discharged by a ram from one end of the retort. Regenerators are used for 
heating the air before the combustion of the gas, and gas firing is employed. 
P'igs. 3 and 4 show a longitudinal and cross section of the furnace. Ffg. 3 shows 
a half-longitudinal section c o, corresponding to the cross section c D, Fig. 4, going 
through the oven a, while the half-longitudinal section ab (Fig. 3) corresponds 
to cross section ab (Fig. 4), through the heating flues running between two ovens. 









COKE OVENS 


The cross section (Fig. 4) shows several ovens both in cross section (a a) and as 
they appeared from a front view (cc). • • 

The ovens, united in a long row of batteries, are about 10 yds. long, 6| ft. 


Section A.B. 


Section C.D. 



Kio. 3.—The OUo Oven (Longitudinal Section). 

high, and only 30 in. wide. The ovens must be narrow in order that the heat 
should thoroughly penetrate the coal contained in them. The higher the ovens 
the denser the resulting coke, but if the ovens much exceed ft. the coke 
becomes difficult to force out by 
means of a ram. |j, 

The gas for heating the ovens 
enters through the main tube h, , 

and then passes into a series of 
branching tubes ii. Thence it 
passes up through a series of ten 
burners kkk, which are arranged 
along the length of the furnace as 
shown. These burners, arranged 
after the manner of Bunsen , 
burners, suck in air from below, 
and the burning gases then stream 
through the flues /«/, intermedi¬ 
ate between every pair of oven.s, 
passing upwards between a series ^ 
of vertical masonry baffles mni 
(Fig. 3). The burning gas then 
escapes through the space ff to 
the middle of the furnace, then 
away through jf^’into the longitu¬ 
dinal flues ee, which lie just under 
the coke ovens, then out of these, . , 

through«, and through the flue 0, 1° 

to the chimney (or regenerators if Kic. 4.— The Oiio Oven (Croiss Section), 

they are employed). 

The ovens are charged through three openings in the roof, bbb. Certain kinds 
of small coal are made wet, stamped into solid cakes in iron vessels, and pushed 
into the ovens in the form of solid cakes. The gas tar and ammonia escape 
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through the two openings d, into tar hydraulic mains kk, thence the gases are 
foried by exhausters into coolers and washers, where the ammonia, benzene, 
and tar are completely extracted. The gases not condensed are combustible and 
are first stored up in gas holders, and thence drawn off for heating the coke ovens 
by means of the tubes h. Much more gas is obtained than is required to work the 
ovens, and can be utilised as a source of energy or for illuminating gas. 

In the newer types of ovens Regenerators are employed to heat the incoming 
air for the burners. These consist of chequered brickwork, and the hot gases 
from the furnace are first passed through one of these on their way to the chimney. 
When the bricks are thoroughly heated (which takes about an hour), the direction 
of the air and gas is changed, so that the regenerator, which before was heated by 
the products of combustion, now heats the air on its way to the combustion 
chamber, while the combustion products are now turned into a second regenerator 

£■ 


Fuv. 6.—Coking Furnace, showing Kegeneralors, a aiu\ h 

in order to heat it up to the required temperature. Fig. 6 shows .n furnace 
so fitted, A and n being the regenerators. 

By use of these regenerators a very high temperature can be obtained. 

Other ovens, all fitted with regenerators and all of a somewhat similar type, 
are the Otto-Hilgenstock Oven, the Brunck Oven, and the Koppers Oven. 
The latter oven has heating flues so arranged that the gas in the different stages 
of the heating process can be separately led off, and the richer sorts of gas used 
for illuminating purposes. 

The coke formed in these forms is in dense and compact masses. To withdraw 
it the iron doors of the coke ovens are raised, and an iron plate forced through 
by machine power, whereby the glowing coke is forced out and immediately 
quenched by sprinkling water on it—obviously a great waste of heat. Some 
sulphuretted hydrogen, H..S, escapes at this stage. 

An oven yields 6-8 tons of coal every thirty hours; loo parts of dry coal yield 
yo-8o parts of coke. 

Before leaving the subject of coke ovens, it should be pointed out that the excess of gas available 
(after supplying the g.as for working the ovens) has, witli improved methods of construction, 
increased from 2o per cent, to nearly 45 per cent., and so the coke ovens have become centres of 
power, the gas being laid on for producing electrical power, driving engines, and even for 
illuminating purposes. 

Of coarse the gas from the coke ovens is nothing like so rieh in heavy hydrocarbons .as is 
ordinary coal-gas, and so has not the illuminating nor heating power of this latter gas. 

However, it has been found that if the gas which comes over during the first eleven to twelve 
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hoars of the distillation be separately collected and stored without extraction of beniene, this “rich ” 
gas has a heating value (5,000 to 6,003 calories per cubic metre) which is quite as good as that 
obtained from the best retort gas, and is qui'e the equal of the latter as regards illuminating pSwer. 

Consequently in Germany at Essen, Gelsenkirchen, etc.) coke ovens often supply the 
neighbouring towns with their illuminating gas. Some oth.r towns add to their coal-gas some 
25-50 per cent, of coke-oven gas. 

Already in 1909 in Germany some 25,000,000 cub. m. of coke-oven gas in the Ruhr District 
alone were consumed for illuminating purposes, and the consumption is rapidly extending. 

Recovery of By-Products. —The gases and volatile products escaping from 
the coke ovens are worked for tar, ammonia, and benzene. At present little 
cyanogen is recovered, but large amounts could be recovered were the market 
conditions more favourable. 

The gases coming from the coke ovens are first led into the tar-sealed mains, 
much as described for gas works (see Martin’s “ Industrial Chemistry: Organic ”), 
where the bulk of the tar is deposited. Then follow a series of coolers, water 
coolers, tar separators, and naphthalene washers. Then the gas is scrubbed for 
ammonia by passing through dilute sulphuric acid, and last of all comes the 
benzene extraction. 

From 100 tons of coal some 2-4 tons of tar are obtainable, considerably less 
than is derived from ordinary coal-gas plant. 

The yield of ammonia is slightly greater than is obtained in gas making, 
100 tons of coal yielding about 1.2 tons of ammonium sulphate. 

'I'he direct production of ammonia by the Kopper process from these 
coke gases is described under ammonia. 

As regards benzene (benzol) extraction, the gases are sent through a series of 
iron towers, some 18-20 ft. high, the gases passing in beneath, and there meeting 
a descending spray of heavy oils (coal-tar oils, B.P. 20o°-3oo° C). A low 
temperature for complete absorption of the benzene is absolutely essential, and 
sometimes the oils are, before spraying, sent through refrigerating machines where 
they are cooled to o" C. and below, before they are sprayed into the towers. The 
streams of heavy oils are sent against the current of gas in the usual way, and the 
benzene distilled out of them as in ordinary tar stills. After distilling off the 
benzol the heavy oils are once more used for spraying. 

One hundred tons of coal yield in gas works about i ton of benzene. In coke 
ovens, however, the yield is much less. About 7-8 per cent, of the benzene is 
condensed in the tar, while 92-93 per cent, passes on with the gas in the form of 
vapour. 

If the gas is to be used for illuminating purposes, naturally the benzene must 
be allowed to remain in it (see Martin’s “ Industrial Chemistry: Organic ”), but 
in coke-oven gases, which are usually used merely for heating furnaces, etc., the 
benzene may be recovered by the process above described. In the plant above 
described, from t,ooo tons of coal burnt in the coke ovens, about 5-8 tons of 
benzene are usually obtained. It is estimated that were all the coke ovens in 
Germany alone fitted with benzene-recovery plant, some 160,000 to 200,000 tons of 
benzene would be annually recovered. 
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SECTION VI 

SURFACE COMBUSTION 

By E, Joiii iNG, A.R.C.Sc., B.Sc., F.C.S. 
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625, 1911 (melting metals, etc.); 2,404, 1911 (steam generators); 4,362, 1911 (steam 
generators); 5,936, 1912 (steam generators); 6,732, 1912 (preheating); 6,738, 1912 
(liack-firing prevention); 19,490, 1912 {liack-firing prevention); 23,536, 1912 (furnaces); 
25,629, J912 (nitrogen, etc., manufacture); 28,477, 1912 (utilisation of liquid fuel). All 
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For those interested in the subject, the Bonecourt Surface Combustion Co. Ltd. supply booklets 
relating to the system. From these booklets the diagrams illustrating this article have been taken, 
.and the author wishes to express his indeblednes.s for the kind permission to reproduce them. 


INTRODUCTION 

The revolution in gaseous heating brought about by the application of the 
principle of accelerated combustion by hot surfaces, described in the following 
pages, is almost entirely due to the investigations of Prof. W. A. Bone and 
Mr C. D. M'Court (see, however, hid. and Eng. Chcm. (1912), 4, 77; and 
Engineering (1912), 93, 657). Several of the industrial applications which have 
already been patented have been put upon the market, where their efficiency and 
economy have been practically demonstrated, but others are as yet in the 
experimental stage, and further development for some time to come must 
necessarily lie along the lines of the design of apparatus capable of establish¬ 
ment on an engineering basis. *’ 

The importance of the surface combustion process can hardly be over¬ 
estimated. Its utilisation of combustible gase.s, and especially of liquid fuel, is 
in accordance with the general tendency of present-day power production, which 
is towards the substitution of gaseous or vaporous fuel for solid fuel (see 
■Gaseous Fuels). The time will come when coal will be no longer burned in 
furnaces or under boilers, but will be gasified, its valuable constituents removed, 
■and the remaining gases used for power production either directly in gas engines 
■or indirectly in other ways. It is in the latter field that the surface combustion 
pr ocess may be expected to play the leading rdle. 

Surface Combustion depends primarily on the accelerating influence which 
hot surfates are known to exert upon gaseous combustion, and the method 
consists, briefly, of burning an explosive mixture of gas and air in contact with 
-a granular incandescent solid. Under suitable conditions the combustion is 
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a flameless one, and develops a large amount of heat in the radiant form. The 
necessary conditions are; (i) The mixture of combustible gas and air must be 
in the proper proportions for complete combustion, or preferably with the air ir» 
slight excess, and (2) the mixture must be injected on to the granular material 
at a velocity greater than that of back-firing. 

Two simple examples will make clerr the modus operandi, as well as illustrate 
the two fundamental types of apparatus employed. 

Types of Apparatus. —In the first, shown diagrammatically in Fig. i,. 

and known as the “ Diaphragm ” adaptation, the gaseous mixture, in 
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approximately the proportions for complete combustion, is forced 
under slight pressure from the chamber u through the porous dia¬ 
phragm A of refractory material, and is ignited on the exit-face, 
where it burns flamelessly, rai.sing the surface to incandescence. 
The layer in which combustion takes place is only several milli¬ 
metres in depth, but the temperature produced there is estimated 
at about S50'' C. (using coal-gas), being operable in any position, 
the apparatus finds ready application to the evaporation of liquids, 
industrial heating, and domestic cooking, toasting, etc. 

The coariene-ss or fineness of ihe illaphraj^m is {graded to suit the quality and 
pressure of the gus employed. Generally sj^eaking, with a rich gas a fine grade 
is Used, while f<»r poor gases and moderate tempemtiut’s a coarser grade only need 
he employed. The degree of porosity in all cases is such that the question of 
Ixick-firing is almost out of consideration. 


Section of In the second and more imporUinl form of the apparatus, known. 
phra”m wi'ih “Cavity Cobble” or “ (Iranular Bed,” 

Mixing Cham- diaphragm is replaced by a bed of granu- 

bcraiBack. lar refractory material, and it is then on the — 

surface of these granules that incandescence 
occurs, rendering the whole bed of material a hot glow¬ 
ing mass. Thus in Fig. 2 is shown a muffle surrounded 
by refractory granules to which a mixture of com¬ 
bustible gas and air in their combining proportions is 
supplied through an aperture, the cross section of which 
is such that the speed of injection is in excess of the 
speed of inflammation of the mixture. The combustion 
in the bed of material is so raiiid that very high tem¬ 
peratures are developed. The maximum naturally de¬ 
pends upon the working conditions, but temperatures ^ ^ . . 

in the neighbourhood of 1,500" C. in a muffle furnace ' AmngaiiSa the Heap 
can readily be attained. ing of a Muilie Furnace. 

This latter method is clearly capable of a vast num¬ 
ber of industrial modifications. Tlie refractory matoiial, in the form of a bed,, 
may function as^ hearth or a furnace; or it may be packed into tubes which are 
bodily immersed in water for steam raising purposes, or in meUls and alloys which 
it is desired to melt, etc. These and otlier purposes will be dealt with more fully 
later. 


Fill. 2.—Diagram shuwing 
Arrangement for the Heat¬ 
ing of a MuiHe Furnace. 


Observations Applicable to all the Modifications 

Refractory Material. —For gases of low calorific value—blast-furnace gas, producer-gas, etc.— 
a large number of refractory materials are available, e.g.^ calcined fire-clay, ganister, etc. Hut 
where high temperatures are concerned, the choice of refractory material is limited. Indeed, the 
material practically determines the limit of temperature, for platinum can be melted and car¬ 
borundum decomposed by this method. However, the best materials available for high-tempetature 
work are carborundum and pure calcined magnesia, the use of both being subject to certain 
conditions. The selected material is used in the form of granules, meshed to a suitable,size. 

Porous diaphragms are male in one or two way>, Either fire-clay is mixe 1 with finely •divided' 
combustible material, such as fine seed or bran, an l the latter then burned out, or burnt fire-clay is 
coarsely ground and meshed, and then mixed with a powder adapted to serve as a cementing 
material. Where a certain amount of form is necessary, a framework of wire is employed. 
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Qases.—It is one of the ^reat advantages of the process that it is adapted for a lar^ variety of 
combustible gases—bUst*furnace gas, producer gas, water-gas, coke-oven gas, coal-gas, jaelrol-air 
gas, natural gas, etc. ' 

The combustible gas and air are delivered to the refractory material by two valved pipes, or by 
an adjustable injector or blotter, or may be drawn through the apparatus by means of a fan. 

The combustible ^ and air should be as thoroughly mixed as possible, in order to reduce to a 
minimum two sources of heal loss, viz., that due to excess of air and that due to incomplete 
combustion, 

To avoi <1 the clogging of the pores of the refractory material, and the consequent necessity for 
its repeated renewal, it is advisable tl»at the gases should be freed from dust before injection. 

7'he air or the combustible gas, or both, may be healed l)efore being delivered to the granular 
material. 

Suitable devices for the prevention of l)ack-firing are preferably incorporated with all apparatus. 

Lightings Up.—The general meiliod of starting the process is as follows: The combustible gas 
is first turned on and ignited; then air is introduced 
kick and the porous material is raised to a suitable 
degree of incandescence. The proj^artions of gas and 
air are finally adjusted to produce the desired condi¬ 
tions. Where a combustible gas of too poor a quality 
to admit (»f the above is cnn'loycd, the bed of refrac¬ 
tory material is previously taised to incandescence by 
using a richer gas or vapour. 

Utilisation of Liquid Fuel. -Though, hiiherio, 
the fuel employed in the surface combustion process 
has been in the gaseous or Miporous conditions, ex- 
pcriinenls me now in piogicss with a view to the 
burning of liquid fuel. The most practicable method 
so far has been found to lie in the atomising of the 
liquid fuel by the incoming air and the delivery of the 
mixture to the cimilmstjon l)e(!. The difficulties arising 
from conden''ali<)n on the walk of the pipes are (wer- 
come by delivering the mixture of liquid fuel and excess 
of air to the granular bed at or during (he time of 
mixing the consiitnonls. For the purposes of explana¬ 
tion, the modification necessary in the ca.se of such a 
furnace, as is illust-ated liy l*’ig. 3, will Ijc dc'-cnbetl. 

The delivery end of the fuel supply pipe A is dis¬ 
posed within a very short distance of liie lower face of 
the combustion l>ed, and the liipdd is allowed to flow 
in by gravity or under pressure, air being supplied at 
a low pressure through the surnmnding pipe B. The fuel, escaping in the form of a film, is broketv 
up by the passing air. and is ilelivcred to the furnace m a state of division. An atomiser may be 
employed instead, the fuel being sprayed by steam or compressed air. In all cases it is necessary 
to preheat tlie refractory bed by means of combustible gas. The arrangement just described may 
be app’ied to pr.ictically all the forms of “ surface combustion’’apparatus yet designed. 


until me name previously produced strikes 



INDUSTRIAL APPLICATIONS 

I. Steam Generation and the Heating of Liquids Generally 

The most important commercial application of surface combustion is that of 
steam raising in multitubular boilers. At present the variation^, in the process are 
three in number. 

(a) 'I'he first method consists of passing the mixture of combustible gas and air 
in suitable proportions, at a speed greater than that of ignition of the mixture, 
and under a pressure sufficient to overcome the resistance to gaseous flow, into 
contact with a bed of refractory granules disposed in tubes traversing the body 
of water to be converted into steam. 

The boiler (Fig. 4) is constructed with tubes of iron or copper running 
lengthwise across it (or vertically if desired) in the manner of smoke tubes, each 
tube being packed with refractory granules. One end of each tube is closed with 
a plug of fire-brick through which is a passage for the entrance of the combustible 
gas and air, drawn in by a fan from a mixing chamber of special design on the 
front plate of the boiler. The mixture is ignited, and burns at or about the 
entrance of the tube, lined at this part with fire-brick. 

The efficiency of the boiler may be increased by directing the escaping hot 
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products of combustion through return tubes, also filled with refractory granules ; 
or, as'shown in the figure, the hot gases may instead be utilised for raising the 
temperature of the feed water by passage through similar packed tubes arranged 
in the feed water heater. These devices serve the additional purpose of cooling 
down the products of combustion to a temperature at which they can be dealt with 
by the fan employed to suck the mixture through the boiler. 

The variation in steam demands is effected either by valves on the tubes 
carrying the incoming gases, or by electrical or other control of the fan-motor, or 
by arranging the boiler tubes in groups which can be fired or stopped as required. 
By these means a wide variation of load can be dealt with within the limits of a 
percentage or two of efficien(7. 

The iioilcr luhcs are itsu.illy alanit 4 ft. long and 3 in. internal diameter, and arc fitted with a 
fire-clav ping of aliout 4 in. in length with a |-in. diameter hole in the centre. Complete com- 
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Diagram illustrating Bonocourt Combustion working with Suction rnnuple 
Fk;. 4. 


huslinn lakes place within about 6 in. to i fi. of the travel of the mixture, the rcmaimler of the 
tiilic being useful for extracting the sensible heat of llie products of combustion. 

The rapid combustion develops a slecif dro]) in temperature, and this causes a violent circula¬ 
tion <*f the w.aler in the boiler, which is found to be unfavourable to sealing. 

Test .—The details of a five hours’ test upon a iio-lnbe boiler will linnish some of the details 
of the method, and give an idea of the Itigh efficiency olitamalde. 


Ax erage .suction throughout apparatus • 
Temperature of water entering boiler - 
,, producl.s leaving boiler 

,, water entering feed-water heater 

,, products leaving ,, ,, 

Gas metered, coi reeled to N.T. P. 

Calorific value of gas pet cubic fool at N.T.l*. 

Steam gauge prcssuie. 

Barometer. 

Total absolute pre.ssuro .... 
Dryness of steam ...... 

Water evaporated. 

Ileal units in l lb. of wet steam - - \ 

Evaporated at 112.4 lbs. per Mjuaie inch / 

Efficiency. 

Power taken by fan etjuivalenl to - 
Nett efficiency of boiler and feed-water 
heater after deducting; power required 
by fan. 


-11 in. water gauge. 

-.iSS'C. 

~ 9o‘ C. 

= 40,162 cub. ft. 

= 52lli.T.U. 

= pS Ib.s. per inch. 

= 14-4 .. 

= 112.4 II®’ pel square inch. 
■-99.3 per cent. 

= 16,869 ll®’ 

= 1146.8 B.T.U. 

=92.5 per cent, unlagged., 

110.3 ll®’ ol^ steam. 


- 90.4 per cent, unlagged. 
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{b) In the second method, liquid or gaseous fuel is burnt in a combustion 
chamber situated within or in close proximity to the shell of *he boiler. • The 
products of combustion then pass through boiler tubes charged with the refractory 
material. The granular material facilitates the heat transmission through the walls 
of the tube to the surrounding water by mixing the gases in transit, by assisting the 
combustion of any fuel not fully burnt originally, and by radiating heat to the 
walls. The principle of the method i.s therefore similar to that of the feed-water 
heater of Fig. 3, though it is not the residual heat which is being extracted from 
the hot products of combustion, but the primary energy. This method lends 
itself particularly to the utilisation of the hitherto waste product of a gas engine. 

(c) The third method applies to the firing of boilers of all kinds. Inside the 
flue of the boiler are laid down rails upon which run carriages carrying flat trays 
or hearths of fire clay, fire-brick, or other suitable material. The floors of these 
trays are pierced by narrow apertures through which an explosive mixture is 
delivered at various points to a bed of refractory fragments on the hearth. Each 
supply pipe for the mixture is connected, as shown in Fig. 5, to a valved pipe for 
the combustible gas and a valved pipe for the air. The rails, preferably adju.stable 
in height, are provided for the withdrawal at any time of the trays from the flue; 
and, to facilitate the discharging of the granular material for purposes of renewal, 
the trays are adapted for tipping. If, now, the combustible mixture be ignited on 



Fie. 5.—Arrangement fur Heating Boileis. 


the granular material, and the proportions of the constituents suitably adjusted, 
an incandescent hearth is produced which serves to heat the boiler. When flames 
are desired, the proportion of air in the mixture is reduced, and a further supply of 
air admitted to the flue to complete the combustion. 

II. Melting of Metal and Alloys 

Inside an asbestos-lagged tank is arranged a tube stopped at the bottom by 
a fire-clay plug and filled with fragments of refractory material. small hole in the 
plug admits the combustible mixture, which is fed in through a down tube. If 
desired, only the packed tube may be employed, the products of combustion, 
instead of escaping from the top as in Fig. 6, being allowed to bubble through 
the liquid to agitate it. In either form the whole heating arrangement is readily 
withdrawn. The apparatus is especially useful for keeping metal in a molten state 
for galvanising purposes, or for the production of type-metal blocks, but can also 
be adapted for the evaporation of liquids, watqr heating for domestic purposes, and 
the concentration of solutions. 

^ III. Production of Nitrogen and Carbon Dioxide 

Recently a patent has been taken out for the commercial production of 
nitrogen and carbon dioxide by this process. The explosive mixture in the proper 
proportions for complete combustion is caused to burn in contact with a granular 
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incandescent solid, and the product, which contains none of the original products, 
is separated in a juitable way into its constituent nitrogen and carbon dioxide. 

IV. Crucible Furnaces 

A tilting crucible furnace is shown in Fig. 7, but no description i.s necessary, 
for the general arrangement is the same as that of the muffle furnace already 
mentioned. 

V. Smith’s Hearth 

Here again the arrangement is evident, being that of the third method of steam 
generation above described. 

’J'he remaining applications arc, like those of F'igs. 7 and 8, merely variations 
of the preceding types, and as numerous other uses will occur to the reader, it is 
unnecessary to subjoin more, for no list could pretend trr be exhaustive. 




Advantages of the Method 

The advantages claimed for this system are:— 

1. The heat it generated within the mass of material to be heated, and conse¬ 
quently can be concentrated at any desired point. 

2. The heat is emitted in the radiant form, which is superior to that transmitted 
by conduction from passing hot gas streams, in that it readily passes through the 
insulating “ dead-gas ” film clinging to the absorber. 

3. The combustion is perfect with a minimum excess of air, which means that 
the loss of energy entailed by the escape of unburnt gases, or by the employment 
of a large excess of air, is almost eliminated. It also implies the complete absence 
of smoke.- • 

4. ^fh* fiieAod is capable of absolute and easy control, whilst the personal 
element-is reduced to a minimum. 

.5;.-Owing to the large amount of radiant heat developed, the transm'ission of 
h'^at from the seat of combustion to the object to be heated is very rapid, ensuring, 
tljlj^g other things, no lag in the temperature response. 
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6. Very high temperatures can be obtained without the 'u'se elaborate 

“ regenerative ” devices. • , ' 

7. The development of incandescence is in no way dependenf upon the 'outer 
atmosphere. 

8. The various devices work well with any gaseous or liquid fuel, or even with 
waste gases. 

9. The high efficiency renders the system very economical. 



I'lii, 8. -Smith's Hearth. 


In the case of steam generation, undoubtedly the most useful application, still 
further advantages accrue. Thus the floor space is reduced as compared with coal, 
fuel boilers, for no brickwork setting is required. Also, no chimney stack is 
employed, since, the necessary pressure difference throughout the system is main¬ 
tained by the fan. Moreover, the boiler tubes are found to shed their scale in 
flakes as soon as formed, so tliat this source of trouble is diminished, if not even 
removed. 
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SECTION VII 

PYROMETRY AND PYROSCOPY 

By Alfred B. Searle 

LITERATURE 

C. II. Dakiint;.—“ Pyrometiy.” London, 1911. 

G. K. llURdEss and U. Lk CHATici.iiiR.— “Tiie Measurement of High Temperatures.” 

L».)ndon, 1912. 

The most valuable pyromcter.s arc described in the c.ilulogiics of such firm sas the Cambridge 
Scientific Instrument Co. Ltd., Cambridge, and K W. Paul, London. Much information contained 
in the older text-books and copied into some modern ones is now almost obsolete. 

The measurement of higher temperatures tlian those for which mercury ther¬ 
mometers can be employed has made great strides within the past ten years, though 
even now there is a great need for a simple and accurate means of measuring the 
temperatures inside Kirnaccs. 

For temperatures below 360 " C., mercury thermometers are generally the 
most convenient, and are obtainable in various forms for bakers’ furnaces, etc., as 
well as in the ordinary patterns in general use and in chemical laboratories. 

ligs. I, 2, and 3 show ordinary mercurial ihermometcrs such as are used for registering the 
temperatures of stoam-pipcs, bakers’ ovens, etc. The glass bulb is usually protected by being 
enclosed in a sicel chamber, usually filled with mercury or metallic packing. 

Pig. 4 shows a steel lube mercury thermometer, the instrument consisting of a cylindrical 
steel vessel about 8 in. long, filled with mercury, and communicating by means of a capillary 
siA.el lube with the spring of a special type of si eel tube pressure gauge. When the free end 
is cxjwsed to heat the mercury expands, and iinjiarts motion to the pointer of the gauge. 
By araching a lopg flexible steel lube to the bulb, and a suitable recording mechanism, the 
varying temperatures may be continuously recorded by a pen on a dial. 

Electric resistance pyrometers are also used exten.sivcly at low temperatures. 

For temperatures below 600" C., instruments based on the difference in 
the expansion of two metals, such as iron and copper (Schaeffer and Budenberg’s 
pyrometer), are convenient, hut are too slow to be used for accurate work, 
Thermometers in which the liquid is an alloy of sodium and potassium may also 
be employed, also thermometers in which air or some gas (uiiially nitrogen) 
occupies a bulb, a (I'ig. 5), its expansion moving a small column of liquid 
contained in a U-tube, u, i>, outside the heated area. Such air thermometers are 
very sensitive and accurate uji to the temperature at which the material of which the 
instrument is made becomes porou.s (with porcelain this is about 1,000° C), but 
the heated portion must he as close as possible to the fluid which indicates its 
exp^sion, and the effect of a long intermediate tube is serious. 

For temperatures of 500 -1,600“ C., electrical thermometers are practically 
the only ones which give a direct reading of the temperature. These are of two 
type.s—those in which the variation of the resistance of a platinum wire to an 
electrical current is measured, and those in which the amount of current produced 
at me junction of a platinum wire with one of a platinum alloy is measured. In 
each case the measurement is a direct function of the temperature, and as electrical 
measurements can be made with great accuracy the temperatures may be measured 
VOL. I,—s 
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with equal exactitude. The platinum resistance pyrometer consists of a 

battery producing an approximately constant current, a gijvandmeter* for 

measuring the resistance, and a wire (Fig. 6) (usually coiled) made of a 

metal of sufficiently high melting point ’to be resistant to 

the temperature to which it is to be exposed. This wire, 

being usually of a costly metal (like platinum), is connected 

to the other parts of the instruments by leading wires of 

copper. The coil is usually enclosed in a tube of porce- 

lain or other refractory material to prevent it being damaged, r 

In one suitable method of using a platinum resistance pyro- 
meter, the thermo element is placed in a furnace (Figs. 7 or 8) 
and is connected so that the temperature is read off on a “Whipple 
temperature indicator " (Fig. 9). This instrument must be connected 
to the pyrometer by means of four-way leads, which may lie of any 

the key K 

pressed and t 502 

the movement p„, ^.^ifa^er’s Oven Thermometer, 

of the pointer 

at A IS ol)* {CambridgeScictttijii Insirumeuf Co, Uii.) 


served. The 

pointer will lie defleclcd one way <jr the other, hut hy turning the handle ll in the corresponding 
< 3 ircclion the pointer c.in l)e brought back to its zero position in the centre of the window A. 
When iliis is the rase, the temperature can be read off directly from the scale in this window. 
The scale is extremely open, being divided every l'' ('. on the standard temperature scale from - lo” 
to + l,2(X>“ C. The necessary current is obtained from the two dry cells K, so that the instrument 
is entirely self-contained. Wlierc preferred, a recorder (Fig. 8) may replace the indicator. 

For medium and low temperatures the platinum coil of a resistance pyrometer may advan¬ 
tageously be replaced by one of nickel and iron. 


The thermoelectric pyrometer is simpler to use, .is it does not require 
a battery, but as the amount of current produced by heating the junction of the 

two metals is only feeble, the measuring 
instruments have to be of very delicate con¬ 
struction, and are only suitable for high 
temperatures. 

I-ig. 7 shows a method of measuring the tempera¬ 
ture ol a furnace by a thermo-electric recording pyro¬ 
meter. 

lioth platinum resistance and thermo-electric 
pyrometers arc accurate to jV” C. at l,ooo* C., if 
properly managed, though in many works an accu- 
lacyof even y C. is considered sufficiently accurate, 
and somewhat less sensitive instruments may then be 
used. These instruments can both be made self* 
recording by providing the measuring instrument with 
a rotating roll of paper on which to record the 
measurements of temperature at various intervals of 
time. They arc, however, loo sensitive to be used 
by rough workmen, and they require to be standard¬ 
ised from lime to time. 

For temperatures above red heat, 

optical pyrometers offer several advantages, 
FTc. 5.—Air Thermometer. as they can be made without any limit to • 

the highest temperature reached. Their 
■usefulness depends on no part of the instrument being exposed to the tempera¬ 
ture to be measured, and this, at the same time, constitutes their chief liability 
to error. These optical pyrometers are of various patterns, but three types are 
in fairly general use; (a) The absorption pyrometers in which the light 
emitted by the heated substance is received in a polariscope, and the angle 
through which the polariser must be turned to produce a characteristic neutml 
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Kic. 7.—Tliermo-Klumcnt in Fiunace. 
iCambf ii/iri- S< Inslrutt'cnt Co. I.id^ 


Fi(i. 6.—Thermo-I'ilc’ment of 
Electric Resistance Tyromeler. 
{Cambtidge Scienlific Insirument Co. J.td.'l 



Fig. 8.—Recording Pyromete in Use in Furnace. 
(Caiiibridgt ScicHtific Instrument Co. Ltd.) 
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tint is measured; ( 6 ) photometric pyrometers, in which the light from the 
heated object is compared with that from a standard lamp, by noting the rehttive 
distances of the object and the lamp from the eye of the observer when the light 



Fig. 9.—Whipple Temperature Indicator. 
(( anthidiii' SiUntipc Instrument Co, Ltd.) 


from each appears to be of ofiual intensity. Another form consists of a series of 
cells through which the hot body is viewed. 'J'he light is absorbed more or 
less completely, and the temperature indicated is 
the mean between two cells, one of wliich absorbs 
all the light and the other docs not. 

In the Cornu-Cfaatelier instrument the lamp 
burns pentane, and is provided with a red screen 
so as to make the light monochromatic. 

Pig. 10 shows tho instnmicnt. Two telescopes, Ml. and 
MA, are placed at right angles, ma l)eing lor observing the 
body, and mi. for viewing the .standard lamp. In front 
of the object glass of the observing telescope MA is an 
adjustable diaphragm or stop c. o is the eye-picce, which 
is covered with a monochromatic red glass screen. The ray-> 
from the standard lamp 1, are reflected by the mirror M into 
the cye-picce o, .so that the two sources of liglit are viewed 
together as two bright si>ots, one of which will usually be 
brighter than the other. Next, the diaphragm or stop c is 
adjusted until the two spots look equally bright; the size of 
the opening in the diaphragm is read off, and the correspond¬ 
ing temperature is obtained from a table supplied with the 
instrument. iq,—C ornu-Chatelier Optical 

In the Wanner pyrometer an electric laVnp Pyrometer, 

is used in combination with a set of prisms, so 

that what is actually compared is the polarised light from the object and from 
the standard light, the angle through which the analyser is rotated in order 
to make these two lights appear to be of equal intensity being a measure of 
the temperature, (r) The radiation pyrometer, in which the heat 

radiations are received on a delicate thermo-couple. This instrument resembles 
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the thermo-electric pyrometer previously mentioned (p. 67), but instead of the 
junction being placed inside the furnace, it is kept outside, and only the radiation 
from the hot substance is allowed to act on it. It has been proved repeatedly 
that these radiations are directly proportional to the temperature, and are un¬ 
affected by the distance of the pyrometer within large limits. This is due to the 
use of a concave mirror, which brings the radiations to a focus, at which the 
junction of the thermo-couple is placed. This instrument can be employed for 
any temperature above the darkest visible red, and it is claimed by M. Fery to 
be more accurate than those in which the radiation is compared with a standard 
lamp, as the heat radiations and not those of light arc measured. 

Fig. II shows a workman taking the temperature of a gas retort furnace with a Fery 
radiation pyrometer, while Fig. 12 shows the same instrument mounted for taking the temperature 
of a pottery kiln. Fig. 13 shows a multi|)le switch whereby twelve parts of the same furnace or 
refrigerator or Iw'clve different kilns may be connected to the same indicator. A test-plug to ensure 
the accuracy of the instrument is also included on the switchboard. 



Fit). II.— -Use of Pery Pyrometer to take Temperature of P'urnace. 


From P'ig. 11 it will be seen that the pyiometcr consists of a telescope mounted on a tripod 
and connected by leads to a nullivoUraeter. 

A section through the instrument is seen in Fig. 14. The heat rays A from the furnace fall 
on the concave mirror c, and arc brought to a focus at s. Looking through the eye*piece k, this 
image of the furnace is seen in the small mirror m, and by turning a setew-head attached to the 
pinion F, can be exactly focussed on any part of the l^urnace whose temperature is required, a special 
optical device, explained later, lieing employed for this purpose. A .small sensitive thermo-couple 
S, which is situated just behind a small hole in the mirror M, is tliereforc heated, and delivers 
a current to the millivolimeier, which is usually calibrated to read directly the temperature of the 
body at which the telescope is pointing. 

The focussing arrangement is carried out by means of two small semicircular mirrors fixed 
inside the telescope, and the observer, Idbking through the telescope, secs the reflection of the 
furnace or hot body in these mirrors, the two half-images coinciding when the instrument is correctly 
focussed. The sensitive element of the pyrometer must be exactly covered by the image of the 
sighted body. 

Turning a screw-head attached to f (Pig. 14) causes the upper and lower half-images to slide 
on one another, so that it is easy to get the exact focus. 

Where the temperature of parts of the furnace are required which cannot be got at by opening 
doors or making an opening in the wall, a cast-iron or fire-clay pipe about 4 ft. long is built into 
the furnace (see P'ig. 15), the tube being closed at the end a which is inside the furnace, and 
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open at the other end.' The end of the tube a takes up the temperature of the furnace, and on 
sighting the pyrometer on the blind end A the temperature is ascertained without allowing any mid 
ur to find its way into the furnace, or flame to come out. * 

A slightly cheaper and more portable but less sensitive instrument is Fury’s 
spiral pyrometer, in which the radiations are received on a small spiral composed 
of two different metals. The difference in the relative expansion of these two 
metals is made to operate an indicator. Though this instrument is useful for 
rough indications, the electric radiation pyrometer should be used for accurate 
work. 



Fro. 12.—Fcry I^adialor Pyrometer in U.se at a Pottery Kiln. 

{.Cambriifgi; Scii'utific /nstrmneni O’. LtiL) 

• 

The method of receiving the radiant heat in this instrument, and focussing it to form a heal 
image, which covers a sensitive elenient in the telescope, is exactly the same as for the Firy 
electric pyrometer, but instead of using a thermo couple connected to a graduated millivoltmeter 
outside the instrument, a very small bi-metallic spinal is used which controls the movements of a 
^inler over a dial marked directly in lemperature degrees, the instrument being thus self-contained, 
ine spiral is shown m Fig. 16. It is built up of two dissimilar metals, rolled flat and very thin, 
and colled into a spiral shape. The one metal expands at a different rate to the other, which causes 
the spiral to uncoil as the temperature rises. • 

1 the Fery pyrometers are independent of distance is due to the fact that so 

long as the heat image formed by the concave mirror in the telescope is large enough to completely 
element, then the element is really measuring the intensity of the heat image, and 
not tne toal heat reflected, and it is a law of optics that this intensity is independent of the 
distance. For example, if the distance of the telescope from the hot body is doubled, then the 
total arnount of radiant heat received by the concave mirror is reduced to a quartet (law of inverse 
squares), but the area receiving this heat, the optical image, is simultaneously reduced to 
a fourth, so that the actual heat intensity of the image remains the same. 


;2 INDUSTRIAL CHEMISTRY 

Pyroscopes are instruments which show the effect of heat rather than the 
actual temperature, and usually consist of substances of known melting points. 

Serious errors are sometimes made when attempting to com|>are the indications of pyroscopes 
with those of the pyrometers just described, because of failure to recognise that iliese pyroscopes 
do not register temperature. 

The simplest pyroscopes are thin strips of metal which are placed in the 
furnace in positions where they will not be acted upon chemically by the gases 
or contents of the furnace. As each elementary metal has a definite melting point, 
it is reasonable to suppose that if any given metal has not been melted when placed 
in the kiln or furnace, the temperature at which it melts has not been attained. 



Fie. 13,—Multiple Switch for Resistance Pyrometers. 
{Canihridfr^ Sdeuti/ic Instrumatt Co. Lid.) 


Various consideraiions affccl llic matter, and whilst siicli an indication may be sufticient for some 
purposes, it cannot l)e used for accurate work. Thus the influence of time is an important factor, 
and the melting temperature of the metal may have l>een reached, but it may not have been 
maintained for a sufficient time for the test metal to be melted. Moreover, it is extremely difftcult 
to prevent oxidation and other changes occurring in the metals used. 

Sentinel pyroscopes consist of alloys whose melting point under favourable 
conditions is known, and are usefill for temperatures between 200° and 1,000” C. 
Small pieces of these alloys are placed on porcelain saucers in various parts of 
the furnace ; those that melt indicate that the temperature exceeding their melting 
point has been reached. In this way the maximum temperature may,, be known 
within a range of about 20“ C. For temperatures from 700° to 2,000” C., Seger 
cones are the most useful pyroscopes. They consist of china clay mixed with 
various fusible materials, such as felspar, or with marble, which combines with the 
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clay and makes it more fusible. These materials are made into tetrahedra about 
2i in. high, with a base about J in. across its widest part, and when heated to the 
temperature they are supposed to indicate they bend over and eventually collapse, 
owing to the partial fusion of their mass. The critical point is usually taken as 
that at which the apex has bent over until it comes almost on a level with the base, 
i.e., between cone i and cone 2 in Fig. 17. 

Under some conditions these cones give a useful indication of temperature, but no one has 
’insisted more ilutn Seger himself that what they measure is the heat effect of certain treatment. 



l i(.. 14.—Section through Fcry Radiation I'yroinetcr. 
iCantl-riiii'i' Scientific instrument Co. iJii.) 



Flo. 15.—Filc-Clay I'ipe in Finnace. 
{Cambriiij^c Scientific Instrument Co. J.ifi.) 


and not the effect of temperature alone. If, for instance, a Seger cone indicating 1,000® C. is 
maintained for an excessively long lime (at least forty-eight hours are needed) at a temperature of 
900''C., and is then subjected to a higher temperature, it will not bend until a temperature of 
1,200" C. is reached, »m account of the volatilisation of some of its contained alkali. On the 
<;lher hand, if the tcmtK'ralurc is reached too rapidly, it may be found that a cone corresponding 
to 1,150'’ C. is bent, wliereas the actual temperature may not be much aliove 1,000® C. Such 
behaviour does not shfiw that these pyrosscopes are ihaccurate, but merely that the information 
which they give must be fully understood if tbeir indications are to be relied upon. 

HoIdcroU’S thermoscopes resemble Seger cones in many respects, but 
are supported horizontally instead of being kept vertical. Their critical point is 
indicated by the bar sagging in the centre (Fig. i8). 

I’yto.scopes are often of much greater value than direct ineasuremcnts of temperature in industrial 
operations, for they show exactly what is required to l>e known, namely, the effect of the heat 
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tnratment; they are extensively user! in many industries, and have proved hi^^hly benehcial for all 
cases in which their ^dicaiions have been sufficiently understood. 

A special form of pyroscope used in the pottery and allied trades consists^of 
what are known as ‘‘trials’’; these consist of a small piece of clay covered with 
a suitable glaze. The trials are placed in various parts of the kiln, and a suitable 
number is withdrawn at intervals; if the trial piece is glossy, and the glaze is clear, 
a sufficiently high temperature has been reached in that part of the kiln; if not. 


A 



l-'u;. 17. Cones. 


Fid. 16. 

Fery Spiral (4 limes 
natural si/e). 

(/•> courtesy of the Cami'ridge 'nicnti/ir 
Jnslfuiucnt Cd. Lid-) 



Before using. After using, 

I'm. iS.—Holdcroh’s Tlicrmobcopes. 


the heating must be continued. 'The composition of the glazes used dependh on‘ 
the conditions it is desired to obtain within the kiln; in most cases there is some 
clear relation between the glaze on the trials and that on the goods, but this is by no- 
means essential. Another special form of pyroscope used in the Potteries is one 
devised by Wedgwood (Fig. 19); it consists in placing small pieces of a suitable clay 
in the kiln, and withdrawing these one at a time as the heating of the kiln proceeds.. 
The drawn “bits” are allowed to cool, and are then measured by maps of a 
specially designed scale, when the amount of shrinkage they undergo is taken 
as some indication of the conditions existing inside the kiln. Such an instrument 
does not indicate the temperature, but merely the effect of the healing on the: 
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day of which the "bit "was made, but it has long serwd as a useful indication, 
the simplicity of which causes it to be used extensively, even thoughpits defects%re 
now recognised more clearly than they were by the great potter who invented it. 
A modiScation of this device is useful in other industries where the effect of 
prolonged heating or annealing cannot well be determined without such an aid 
though the tendency in works at the present ' 

day is to use electrical pyrometers of the 
self-recording type. 

Where an approximation of the tempera¬ 
ture of a very hot substance is desired, and 
no pyrometers or pyroscopes are available, 
it is sometimes possible to apply the method fh;. 19.—WcdgwiKid's Pyioscope. 
of mixtures which forms the essential features 

of Sieinen’s water pyrometer (Fig. 20). This consists cf a can with double walls 
to reduce the loss by radiation. In the can is placed a known quantity of water, the 
temperature of which is carefully ascertained by means of a sensitive thermometer. 
A small piece of iron, copper, or other suitable metal is placed in the furnace along¬ 
side the body whose temperature it is desired to measure, and when the two are 
at the same temperature, the cylinder is lifted out and carefully yet very rapidly 
dropped into the can of water. The water is stirred with the 
thermometer, and its temperature, when steady, is noted. The 
heat lost by the cylinder is the product of its weight, specific 
heat, and fall in temperature. This is exactly equal to the 
heat gained by the water, which is equal to the weight, specific 
heat, and rise in temperature of the water. From these factors 
at) equ.ition can be constructed, and the temperature of the 
hot cylinder when in the furnace can be calculated. 

Tliis metliod is complicated Ity a variety of l(,sses, for ail of which 
.allowances must he ni.adc, so that it is exceedingly difBcult to get reliable 
results; it is, however, useful, in the al,scnce of mote convctiietit appli- 
anci's, in spite of its inaccur.acy. 

Krupp has adopted the same principle in a pyrometer 
devised for estimating the temperature of blast-furnace gases. 

In Krupp's instrutnenl the hot gas passe.s into a special form of itijcctor, 
where its pressure is inciisured ; it there draws in a rktinitc quantity of ait, 
with which it mixes and liccomes cool enough for its temperature to be 
measured with a thermometer. It is, however, both more convenient and 
more accurate to use an electric pyiomeicr. 

There is great scope for an accurate pyrometer for temperatures be* 
tween 900" and 1,800" C. at a price not exceeding /is provided that 
such an instrument really indicates temperatures and not heat effects, and 
that it is not too delicate to he placed in the charge of workmen, and 
without the necessity for frequent and skilled calibration. For some put- 
Flo. 20.~Siemen’s Mery’s spiral pyrorneter is the nearest to the ideal instrument, but it 

I’yromeler. is far too costly, tlectrical pyrometers ate, generally speaking, admirable 
except for two reasons—they are too delicate, and cost too much to be 
used in the large numbers which modern conditions render desirable in 
many works. _ The absorption pyrometers formed cf two or more cells containing liquids of dif- 
cf.”!convenient, but are open to the objection that they me.a5nre radiations 
of light rather than of heat, and it is the latter which are really required. 
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REFRIGERATING AND ICE¬ 
MAKING MACHINERY 


By Geoffrey Martin, D.Sc., Ph.D. 
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Artificial cold is used imlustrially: (1) To stop or greatly diminish chemical and physio¬ 
logical change, e.g-., for preserving meal, food, etc., in slaughlerdiouses, butcher snops, 
food factories, etc. The frozen meal trade of IsVw Zealand, Australia, and South America depends 
upon artificial cold, for (together witli dryness) cold is one of the l>ost agents for preventing the 
devcl(>pment of luctcria and fungi in perishable foods. In Continental breweries artificial cold 
is used for cooling the fermenting wort and also the maturing l)eer. 

(2) To aid the progress of certain chemical changes, oiK are cooled (see Martin’s 
“Industrial Chemistry: Organic”) in order to separate solid paraffin and stearin; glauhet salt, 
NaoSO^.yHoO, is sejiarated from a strongly cooled solution (»f magnesium sulphate, MgS04, and 
common salt, NaCl. 

(3) Air is often artificially cooled in iheulres, hospitals, and dwelling-rooms. 

(4) To remove moisture from the air forced into the furnaces used in iron making. 

(5) For freezing quicksands when sinking shafts in engineering operations 

Formerly lire only method of producing cold was by use of natural ice or snow. 
However, as supplies of these commodities are difficult to obtain in summer, 
artificial ice is now manufactured solely by refrigerating machinef; breweries and 
slaughter-houses usually employ, however, not ice, but cooled brine or calcium 
chloride solutions, which are cooled to - io° C. (and below), and circulated 
through the bccr-cellars and slaughter-houses by means of a system of circulating 
pipes. At the present time the use of icc for artificially cooling large rooms has 
been abandoned in favour of cooling by pipes conveying strongly cooled salt 
solutions. Sometimes the air of the rooms is directly cooled by jrassing through 
refrigerating machines. 

Compression Refrigerating Machinery. —Artificial cold is now almost 
invariably produced by the evaporation of a volatile liquid. An easily condensible 
gas is compressed by a pump until it liquefie.s. The liquid is then allowed to 
gasify again by the suction action of a pump. In evaporating to a gas, the liquid 
abstracts large amounts of heat (its heat of evaporation) from a surrounding solution 
of salt, thereby causing a considerable lowering of temperature. 
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Almost invariably anhydrous ammonia (NH,) is the substance used, although 
carbon dioxidt;. CO,,, and (very seldom) sulphur dioxide, SOj, are employed to some 


Section 



Ground Plan 



Fk;. I.—Compressiiin Ammonia Refrigerating Plant 

extent. Ammonia is favoured mainly on account of the large amount of heat 
absorbed in turning from liquid to gas. 
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Fig. I is a diagrammatic sketch of a “compression ” ammonia plant, designed by Linde. 

A is the compressing pump (“compressor”), n the “condenser,” and c the “refrigejiator.” 
The pump A forces the anhydrous Nfl;, into the condenser B, where it is surrounded by a stream of 
cold water, and there liquefies under the pressure. The liquid NHj flows through the valve v into 
the “refrigerator” c containing the liquid to be cooled (usually brine). Here the liquid NH3 
gasifies again, owing to the lower pressure caused liy the suction action of pump a; in gasifying 
great cold is produced and the salt solution in c surrounding the coils is tliereby greatly cooled, 
sometimes to - 7'’ or even to - 20'’ C. A much lusher pressure prevails in the condensing coils in 
B than in the evaporating c«)i!s in c, the connection between the two pressures being regulated 
by the expansion valve v. 

The pump a is usually a double^aclion, suction, and pressure pump, provided with four valves, 
through one pair of which ammonia gas is sucked in, and through the other pair simultaneously expelled 
infthighly compressed condition, this occurringwiih each rotation of the driving wheel. This pump 
is usually driven by a steam engine, gas engine, or similar source of power, cither by direct 
coupling or by means of bands, etc. In this app.iratus lioth the condenser and the refrigerator 
consist of several iron coiled lubes weklecl together without flanges or other joins. The condenser 
coils are immersed in cooling water contained in a tank 11; the water is kept agitated by means of 
a stirring arrangement, and serves to lake up the heat developed in compressing and liquefying the 
ammonia. The evajioraiing coils (refrigerator) are contained in a similar tank C filled with a 
saturated brine or calcium chloride solution, which can he cooled from - 10" to -20” C., without 
solidification taking place. This strongly cooled sail solution is pumped away from c through a 
second system of pipes (nut shown in figure) ananged throughout the place to be cooled. The 
cooled brine, after traversing these pipes and so producing the re(|uired cooling effect, finally pours 
back into c once again, is once more C(K)led and pumped forth again. 

In German breweries sometimes llie wort it.sclf is used as the cooling liquid. 

When ice is to he made the refrigerator C(jils dip into a rectangular tank filled with a concen¬ 
trated brine or calcium chloride solution, which is kept in steady motion by means of a stirring 
arrangement. Into this tank dip a number of boxes, made of thin galvanised sheet iron, which arc 
filled willi water. The water contained in these “ice cans” soon frcciics, and the solid blocks 
of ire are obtained by removing t)ie ice cans, dipping them for an instant into warm water (which 
melts ice adhering to the sides) and then dumping out the block of ice contained therein. The 
sheet-iron icc vessels arc phaced in and willidrawn from the refrigerating tank by means of cranes, 
or similar machinery. 

The phy.sical properties—principally the boiling point, the latent heat of' 
evaporation and the heat of liquefaction—decide the fluid chosen as the working 
substance of refrigerating machines. However, the substance must be inert 
chemically, and not attack the metallic pipes, pumps, etc. Anhydrous CO., and 
vSOo do not attack metals, whereas anhydrous ammonia, NH.j, attacks copper in the 
presence of oxygen, but has no action on iron. Ammonia plants, therefore, are 
made solely out of iron. 

The following figure*, give the vnpour tensions of liquid hTIy, CO^,, and SOo, as determined by 
Lorenz:— 

Vapour Tknsion in Atmospheres = Kilograms per Square Centimetre 


Temperature. 

NH,,. 

CO.. 

SO2. 


■ 

, Atmosphcrch. 

Atmospheres. 

Aimo«;phere«. 

- 20 

1.90 

20.3 

0.65 

- 10 

2.92 

27.1 

I.oi,' 

0 

1 4-35 

35-4 

l.-SS 

1 10 

6.27 

45-7 

2-34 

+ 20 

1 8.79 

58.1 

3-35 

+ 30 

' 12.01 

73 -> 

4.67 

Boilin^f Points - 

- 32 ° C. 

-78“ C. 

-S'C. 

Critical T emperatures ■ 

+ 136"c. 

+ 3'-4 

... 


^From this table it will be seen that if the temperature in the condenser is 
so' C., the pressure of the liquid ammonia is 8.79 atmos.; if 30“ C. the pressure is 
12.01 atmos. In the refrigerating coils at - to” C., the pressure of the ammonia 
would be 2.92 atmos., while at - 20” C. the pressure would be 1.90 atmos. 

With sulphur dioxide, SO.2, machines the pressures are much less, while with 
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carbon dioxide, CO^, the pressures are very great, although in modern engineering: 
pracKce these pressures do not cause serious difficulties. 

The latent heat of evaporation and also the specific heat of the above-mentioned 
liquids vary very considerably with the temperature. In the case of the ammonia, 
plant it must be remembered that the available heat absorption corresponds- 
to the heat of evaporation of the liquid (at the average temperature of the 
refrigerating coils—about - lo” C.) less the heat required to cool the liquid 
ammonia from the temperature of the condensing coils 4-20" C.)to that of ' 
the refrigerating coils ( - lo*' C.). 

The following tal)lc gives the cold obtainable per cul)ic metre of compressor cylinder space per 
kilo of liquid evaporated to i cub. m. of vapour (at - lo'" C.):— 


Latent heat of eva|K)ration per kg. at 
-10“ C. 

Heat absorbed per kg. in cooling the 
liquid from + 20“ C. to - 10" C. 

Col(i producible per kg. at - 10' C. 
Weight of eacli cub. in. of gas at - 10" C. 

Cold producible per cub. m. ( - 10" C.) - 


Nn.. 

so. 

! CO.,. 

1 

322.3 caLs. 

93.4 cak. 

1 

j 61.5 cals. 

27-5 .. 

9-8 

17^8 M 

294.8 „ 

83.6 „ 

43.7 

2.32 kg. 

3-04 kf;. 

f> 9-9 kg. 

at 2.92 atmos. 

at 1.04 atmos. 

at 27.1 atmos. 

683 cals. 

254 cals. 

3.055 cals. 


It will be seen, therefore, that for c(|nal .amounls of cold production, the Sih will reijuire llie 
largest compressor cylinder and the CO^. the sniallesl. 

An average ammonia compre.ssion machine, cooling brine to - f C. {20' F.), drl\en liy a steam 
engine using 7 kg. of steam per I.ll.l'., will al>slract Ji6 cals, per ktlograni of steam (li.l'.U.). 

As regards the theory of refrigerating machines it will be noted that the working gases undergo 
a cycle of changes, returning after certain series alterations of temperature, pressure, and volume^ 


Compressor 



Fk;. 2. 


back to their original condition. Referring to h'ig. 2 the heat absorbed in the refrigerator by 
the evaporation of the liquid into gas is obviously equal to the heat <} evolved in the condenser 
by the condensation of the same amount of vapoui to liquid (this heat being given up lo the cooling 
water), less the amount of heat corresj>onding to the work done by the compressor in com¬ 
pressing the vapour lo the pressure required to condense it lo licjuid — 

r.c., Qj = 0 - or Q Qj + Q.. 

A refrigerating machine is simply a reversed heal engine, ^\hich takes in heat Qj from a liody 
below the normal temperature and imjiqrts it to a holler Ixidy (?.<?., the cooling water of the 
condenser). The second law of tliermodynamics asserts that this can only be brought aljoul by the 
expenditure of mechanical work, wliich is changed into heal. This work Qo i.s done by the com¬ 
pressor, and the .smaller the amount of work ()., expended in abstracting the quantity of beat Qj 
the greater the clliciency of llie machine. The greatest theoretical efficiency of a refrigerating 
machine is given by the equation— *» 


Efficiency = 


Heat absorbed _ Qj 
Work^one Qa 
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Wftbc Qi is the quantity of heat taken in at the lower absolute temperature Tj, Q^sthe amount of 
work done by the compressor in abstracting this heat, the higher absolute temperature at whitfb 
this heat is given out to the cooling water of the condenser. 

The following table gives the coefficient of efficiency for several temperature differences 



T, 

Temperature at which Heat is Rejected. 

Temperature at which 
Heat is Abstracted. 

- 

— . 

- 


- - 



10 c. 

15” c. 

20“ C. 

25” c. 

30° C. 

35 ’ C. 

- - 


— 



. 


- 20" c. 

8.43 

7.23 

6.32 

5-63 

5.06 

4.61 


10.32 

8.61 

7.38 

6.45 

5-74 

5.16 

- 10" c. 

>315 

10.51 

8.77 

7-52 

6.57 

5-85 

- 5 “C. 

17.86 

13-4 

10.72 

8.93 

7.^ 

6.70 

- 0“ c. 

27.30 

18.2 

13-65 

10.92 

9.10 

7.80 

- 5 “^. 

55.60 

27.8 

18.53 

13.90 

11.12 

7.29 


For example, a refrigerating machine abstracting heat at - lo" C. from brine and giving it up 
at +10" C. to the cooling water, has a maximum theoretical efficiency of 13.15, /.<*., by expending 
one unit of mechanical work {expressed as calories) we abstract 13.15 cals, from the brine. 

In practice, however, such an efficiency is never realised, Ijecause work must be expended in 
agitating the cooling water of the condenser and in driving the cooled liquids through the pipes, 
etc., also losses occur through defective valves, etc. 

In general it is found that 1 II.T. apjdied per hour will abstract 2,000 cals., corresponding to 
the formation of about 20 kg. of ice (latent heal of ice = 79 cals.). 

Absorption Machines. —These are the oldest ice-producing machines, and are 
still used to some extent. In the ammonia absorption machine a concentrated 
solution of aqueous ammonia is heated in a chamber called the “ generator,” and the. 
gaseous NH^ thus expelled is condensed by its own pressure to a liquid state in 
another chamber called the “condenser.” A third chamber containing a cold 
aqueous solution of salt or calcium chloride is now put in communication 
with the liquefied ammonia in the “condenser.” The latter is rapidly absorbed, 
and the liquefied ammonia evaporates, thereby producing cold. 'J'he solution 
of ammonia thus obtained is now once more heated, and the NH, expelled, and 
the 'alter is once more absorbed in aqueous salt solution. The process is thus 
continuous and no compressor is needed. When the external temperature is high, 
as in the tropics, only a small amount of energy is necessary to work the plant. 

One kilo of steam supplied to the regenerator will abstract about 280 cals, 
from the refrigerator, when cooling brine to - 7“ C. (20“ I*’.), and using cooling water 
at 15.5' C. (60° F.). 

In Carr^ and Winhausen’s “vacuum ice machine” water is caused to rapidly evaporate by 
evacuating the chanil)cr in which it is contained and absorbing at the same time the evolved vapour* 
in concentrated sulphuric acid ; about So per cent, of the water is thereby converted into ice. This 
machine—only capable of producing ice—is now seldom met with. ^ 

Cold Air Machines.— These abstract heat by first compressing air (or other 
gas), cooling the compressed air, and then allowing it to expand, thereby producing 
cold. For example, if air is compressed suddenly (without allowing any heat to 
escape) to 3 atmos., a temperature of 100“ C. is attained. 

Suppose now this hot compressed gas is cooled by cooling water, and then 
allowed to expand to atmospheric pressure in a fluid vessel, a cooling effect of 
- too' C. will be produced. • 

For economical use all moisture should be mcchaniciilly extracted from the compressed air 
before expansion, otherwise the valves of the machine block up with frozen moisture. Cole’s 
Patent “Arctic” cold air machine is stated to be successful. Windhausen and Bell-Culemann's 
machines are alstT well known. It is stated that these machines require a much greater cylinder 
space for the production of a given degree of cold than do “compression ” machines, and so cannot 
compete with the latter type of engine. However, within recent years great improvements have 
been made in cold air machines. 

VOL. I.—6 
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SECTION IX 

THE LIQUEFACTION OF GASES, 

Including the Manufacture of Oxygen, 
Nitrogen, and Hydrogen from Liquefied Gases 

Likut. John M, Dickson, H.Sc. (Lend.), Chemical Engineer 


LITERATURE 

—“ Rise and Development of the Liquefaction of Gases.*’ 

Sloan’E.—“ Li<}uid Air and the Liquefaction.oI Ga.ses.” 

KwiNd.—“ Mechanical Production of Cold.” 

Tkaveks.—“ Study of Gases.” 

(T.AiniR {translated by Cottrell).—“ Idquid Air, Oxygen, and Nitrogen.” 

Kauscji. —“Die lieislellung, Verwendung und Aufliewarung von Kliis.siger Lufi.” 

Thk following are the chief patents 

English. — Aumont, 11,306, 1911. Bobrick^ 25,829, 1908. Claude^ z\sQ Soc. 
L’air Liquide, 12,905, 1900; 28,682, 1903; 26,435, 1905; 27,658, 1902; 29,733, 

1906; 12,358, 1904; 17,216, 1909; 7,305, 1910; 16,298, 1903; 20,349, 1907; 

7 - 05 . 3.302. 1907; 3.326. 1911; 22,316, 1909; 11,710, 1907; 5,395, 1909. 

Casa, 18,386, 1911. Code and Knvdsen, 19,838, 1901. Dumars, 11,126, 1903. 
F/usdge Luft Ilcylandt, 16,615, 1909. Goldschmidt, 12,743, 1908. Hampson, 
10,165, 1895; 7,559, 1896; 7,773, 1898. Hazard and Flamand, 26,720, 1908; 
27,592, 1908; Hers, 21,191, 1901. Hildebrand!, 11,212, 1905; 13,790, 1907; 

25.5'7. 1907; 6.515. 1909; 13.034. 1907; 26,186, 1907; 3,316, 1910; 15,999, 

1910; 19.336, 1910; 1,828, 1907. Janeeke, 23,107, 1909. Joly, 21,861, 1899; 
12,918, 1901; 15,511, 1901. Knudsen, 23,646, 1902; 6,087, 1903; 19,033, 1906. 
Lake, 11,609, 1902. Leptien, 2,497, 1910. Leslie, 11,902, 1906. Levy, 16,615, 

1902; 5,649, 1903. Levi and Hellbronner, 20,053, 1902. Linde, also Ges. fitr 

Linde Eismachinen, 12,528, 1895; 14,111, 1902; 11,221, 1903; ^,205, 1911; 

9,260, 1911. Lilienfield, 22,930, 1911. Loumet, 17,605, 1902. Marks, 25,829, 
1908. Mtrves, 24,144, 1905; 21,780, 1906. Ostergreen and Burger, 26,361, 
1898. Parkinson, 4,411, 1892. Pictet, 14,303. 1903; 2,713, 1901; 19,254, 1900; 
21,120, 1902; 14,431, 1904; 27,463, 1910. Place, 11,609, 1902; 13,529, 1907; 
3,685, 1908. Ramsay, 26,981, 1907. Roettger, 7,858, 1910. Schneider, 2,496, 
1910; 11,461, 1910. Schmidt, 13,304, 1909; 6,515, 1909. Siemens, 2,064, 1857. 
Strong, 9,142, 1900. Sueur, 10,722, 1900; 4,828,* 1901. Thrupp, 26,767, 1898; 
1,913, 1900. Tojehrn, 21,085, Tripler, 15,235, 1899. Wiart, 26,052,1907. 

German. — Blau, 223,843. Chemische Fabrik Greisheim-Elektron, 240,876. 
Claude, also ^oc. Hair Liquide, 173,276, 177.S19. 179 . 95 °. ', 92.594 193.008, 
202,778, 234,308, 235,422, 237,438. Drdgerwerk, 179 , 793 - FiussigeLuftLJeylandt, 
191,659. Hecker, 204,807. Jlildebrandt, 169,331, 179,132, 181,115, 183,410, 
193.007, 197,071, 198,503, 214,264, 223,064, 228,487, 229,345, 247,581, 249,996. 
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220,270, 246,341. Lachmann,\(i-],f)i\. Zwy, 191,916. Z«'i Cow, 243,031. 
Levi and Hellbronner. 158,838. Linde, aS&o Ges. fur Linde Eismachinen, ZS,824, 
173,260, 180,014, 203,814. Metz, 119,943. Merves, 174,362, 179,782, 195,754. 
199,035, 209,074, 209,848, 222,840, 227,100, 229,276, 230,002, 233,897, 238,690, 
242,867, 249,997, 251,584. Mix, 124,376, 142,918. Fieiet, 162,323, 162,702, 
163,268, 159,934, 164,382, 169,359, 178,246, 169,564, 200,053. Solvay, 39,280. 
TArufi/’, 115,421, 142,935. Tri/>ler, 135,728. 

French.—Aumont, 427,266. Bobrick, 399,416. Claude, also Soc. L'air Liijuide, 
296,211, 299,051, 328,245, 352,856, 322,107, 324,097, 370,850, 381,790, 338,842, 
416,556, 401.496. 410.967. 322.702. 324.460, 329.839. 338.964. 423.224. 376.270, 
381,866. Z)2(»M/-i, 332,662. Hellbronner, Hildebrandt,y^^,2o8, 2,11,8^4, 

384,139, 403.630, 420,903, 417.537- Janecke, 407.852. Joly, 318,153. Levy, 
328,770, 330,258. Z«’2' Cases, 433,639. Levi and Hellbronner, 328,984. Linde, 
also Gesell. fur Linde Eismachinen, 312,811, 322,811, 333.205. Merves, 360,427, 
358,236, 425.546, 426,908. Pictet, 322,600, 295,002, 324,715, 409,787. P^ocf-, 
321,860, 379,605, 391,326. Roettger, 413,958. Schneider, 416,122. Thtupp, 

307,941. 

Andrews, in 1868, found that each gas has a “critical temperature” above which 
it was unliquefiable whatever the pressure. It is only necessary, in order to liquefy 
the “permanent gase.s,” to find this “critical temperature” and go below it. 

The commercial realisation of this was due to Carl Linde, who in 1895 
inaugurated a system which to-day shares with the Claude system practically the 
monopoly of the liquid air industry. 

Theoretical Considerations.— The proiluclion of cxlrcmc rohl in iiK.dern |.rocesscs is 
obtained by the expenditure of mechanical work, namely by cnm].ressing a gas or vairour, and then 
allowing it to expand m such a m.annei that owing to the cooling produced it will absorb heal from 
the substance to be cooled. 

When a g.as is allowed to expand from a volume i'.. to a volume c, agatust an external fressure, 
the gas performs external work— 

which results in the ahslraction of an crjuivalcnt amount of Iicat from the gas or its surroundings. 

There should, however, be no heating or cooling of a peiject gas on free expansion^ when no 
txtemal work h perjoiined. Kelvin and Joule, however, found that air, oxygen, nitrogen, and 
carbon dioxide were all cooled on free expansion, the cooling being most noticeable in the case of 
carbon dioxide, the least perfect of these gases. This cooling is explained by the fact that in¬ 
ternal work is performed during the separation of the mfilecules, which occurs during the expansion 
of the gas. In the case of hydrogen a small heating cfiect was noticed, but it is now known that 
hydrogen, on expansion, is cooled like any otlier gas, provided the temperature is below a certain 
value. The fall in tempeiature in degrees ('enligrade in the case of air on free expansion was 
given by Thomson and Joule as : - - 

0.276 ( a -/.) 

where T is the initial absolute temperature of the gas, and the pressures before and after 

expansion. Thus the fall in temperature of air expanding at ordinary temperature (15''C.) from 
100 atmospheres to atmospheric pressure is about 25*" C. 

Emil Vogel has recently shown ^ that as the pressure increases, the cooling per atinos])here 
drop decreases, so that at ordinary temperatures the limit is reached if the pressure is raised to about 
300 atmospheres. The formula expressing the cooling cfl'ect is given as 

dt =*(0*268 - 0.000S6/) 

The Principle of the Temperature Exchanger.— The fall of temperature of 25*’ C., due to a 
fall in pressure of too atmospheres (see above), is of course entirely inadequate f^r the spontaneous 
production of liquid air, the boiling point of which at atmospheric pressure is - 193'' C. In modern 


* “Uber die Temperaturveranoerung von Lufi und Sauersioff.” Berlin, 1910. 
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practice, therefore, the principle of the temperature interehant'er is applied. The essence of this 
principle, first suggested by Wilhelm Siemens in 1857, is as follows:— « • 

The compressed air passes through the tube A (Fig. i) into the expansion apparatus n, where 
it is consequently cooled. The expanded and cold air passes out by means of the tutw c concentric 



Fio. 1.—Temperature Intercbanger. 

with A, and thus cools the ingoing compressed air. A cumulative fall in temperature therefore 
results, which theoretic.ally is only limited by the actual production of liquid air. By this means 
it is ensured that when the expanded air escapes into the atmosphere it is only slightly inferior in 
temperature to that of the compressed air entering the exchanger. In good modern exchangers the 
difl'erence in temperature between tbe ingoing and escaping air is only 3° or 4“ C. 


Types of Air-Liquefying Machines.— Liquid air appliances are divided 
broadly into two groups—(i) those, such as the Linde and Hampson systems, 
which depend on internal work, ie., on the Joule-Thomson effect, and (2) such 
as the Claude process, which is a solution of the problem of expansion with external 
work. 


I. The principle of machines depending on internal work is as follows:— 



The aify compressed to a high pressure and freed from moisture 
and carbonic dioxide by circulating through purifying tubes, is 
allowed to pass by means of a tube A (Fig. 2) (in reality in the 
form of a long thii> spiral) to the valve u, where expansion by simple 
outflow takes place. Cooling takes place according to the Joule* 
Thomson effect, and the cooled air is led back through a tube 
c concentric with A, and finally is discharged into the atmosphere 
or back U) the comprc.ssor. Owing to the exchange of heat from 
the compressed to the expanded air, the temperature of expansion 



Fk;. j.-“J>rinciple of Machines depending on External Work. 


is rapidly lowered, until finally the temperature of liquid air at the pressure to which the air expands 
IS reached, rrom this moment some air will liquefy at the expansion valve and will collect in 
vessel D. » 

2. The second method of liquefaction, that depending on external work^ 
IS an application of the suggestion made by I^rd Rayleigh in 1898, that if the 
simple expansion described above were effected against the vanes of a turbine, by 




86 


IND US TRIAL CHEMIS TR Y 


tl\us utilising external work done by the expanding gas an increase of efficiency 
would result.'' 

In actual practice the compressed air U delivered through a pipe A (Fig. 3) to the expansion 
machine B, which in this case is a compressed air motor working against an external resistance. 
The expended air returns to the compressor by means of the tube c concentric with A. By this 
means the gas on expansion performs external work against the external resistance, thus regaining 
a large proportion of the work employed in compression, an<l, theoretically at least, there should 

be a large increase in efficiency. 






Fl<;. 4. — llampson’s Ajiparatus. 
Section (British Oxygen Co.). 


It is of the utmost importance in all 
li(iuid air appliances that the air supplied 
be purified and dried as perfectly as 



Fu;. 5. —I l.impson’s Appniafus. 
Details of Upper Part. Section 
at Right Angles to Fig. 4. 


Fu.. 6. Fit.. 7. 

llampsDii’s Apparatus. View of 
Kxpansion Ci'ils from abo\e 
(British Oxygen (’o.). 

possible. It can easily be seen that the 
least trace of impurity or moisture slowly 
accumulating and condensed in the lique¬ 
fying apparatus will be fatal in a short 
space of time by causing a blockage of 
the tubes. 




Hampson’s Apparatus. —This apparatus, although only a laboratory 
appliance and of low efficiency, has the merit of simplicity and handiness. It 
begins to liquefy air after ten minutes’ working, and produces about a litre of liquid 
air per hour with an expenditure of 6 H.P. on the compressor. *’ 

I'S'’. 4i S> 7 sectional views of this liquefier. Air is drawn into a compressor through a 
purifier containing slaked lime, which removes carlwn dioxide. The compressed air at a pressure 
of about 200 atmospheres then passes through a vessel in which most of the water picked up in the 
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compressor is separated out, and afterwards through caustic potash, which removes the last traces 
of moisture and carbon dioxide. • • 

The purified compressed air passes through the inlet a into tlie regenerator coils B. It tra\cls 
down the coils, and escapes at the valve c, which is regulated by a hollow spindle i>, provided with 
a hand wheel £. The air expanded down to atmospheric pressure j)asses back over the regenerator 
coils, and escapes by the pipe F (Fig. 5) back to the compressor. Afteraboul ten minutes’ working, 
liquid air collects in the receiver o, and can l)e run ofl' through the lube r by opening the valve P by 
means of the handle T. 

The outlet air pressure is indicated by the glycerine gauge L, while a pressure gauge o registers 
the pressure of the compressed air. K and Kj are thermometers indicating the temperatures of 
outgoing and incf»niing air. 

The liquid reccivo holds about 100 c.c'. The level of the liquid in it i^ shown l)y the small 
gauge It, wliich communicates with the receiver Ity means of a pipe j and the hollow spindle i). 



When li(}uid air collects in the receiver (J, it compresses the air in the pipe j, and so displaces the 
colouicd liquid in the gauge gla-.s it. 

All the cold parts arc carefully ]'iolectcd against the ^-icnetralion of external heat hy a thick 
covering of insulating matciial. 

The advantage of this apparatus, which is absolutely practical and used in a 
large number of laboratories, is its extreme simplicity, there being only one gauge 
to watch and one valve to control. It is sold by the British Oxygen Co. 

The Linde Process.— -In this process, the expansion of the compressed gas 
takes place by simple outflow. Fig. 8 gives a diagrammatic representation of 
the laboratory type of Linde machine. 

The compressor lakes air from the atmosphere, and first compres.scs it 10 40 atmospheres in B, 
and further to 200 atmospheres in i>. The compiessed air passes first into the iron bottle F, where 
most of the moisture and impurities are deposited, then through a coil .v, placed in a refrigenUing 
mixture, wher? it is cooled and deprived of the rest of its moisture by solidification. The dry com* 
pressed air then passes through the pipe r._j into the inner lube of the lem|)erature exchanger, which 
IS in the form of three concentric spiral tubes. Expansion down to 40 atmospheres takes place at the 
needle valve which is regulated by a cock. The expanded and thereby cooled air returns by 
means of the middle tul>e of the temperature exchanger and the pipe iq to the compressor, where vt 
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is again compressed to 200 atmospheres. Progressive cooling is thus produced until a sufficiently 

tcmperature^ls attained to liquefy some of the air expanding through the valve a. This liquid 
is allowed to pass at intervals through the valve b into the vessel c, where the pressure is atmos< 
pheric. This fall in pressure of the liquid produces a considerable evaporation, and therefore the 
evaporated gases are caused to pass through the outer tube of the exchanger into the atmosphere, 
thus ensuring that on their exit into the atmosphere all their cold is given up to the incoming 
compressed air. The amount of liquid air in the container c, wliich is in the form of a double-walled 
vacuum vessel, gradually increases, and can be run off through a tap H. The whole of the 
exchanger is covered by a wooden casing, filled with sheep’s wool lagging, to prevent the entrance 
of heat from the surroundings. 

A machine of this type producing 50 litres per hour requires 2 H.P. per 
litre, and begins to produce liquid after about ninety minutes’ working. The 
following table indicates the increase in efficiency produced by the initial cooling 
of the compressed gas:— 


Output, 

With previous 
cooling - 

0-5 

1-25 

2 

3 

5 

10 

20 

50 

TOO 

litres per hour 

Without previous 
cooling • 






S -5 

12.5 

35 

70 

Power used, H. P. • • - 

3-5 

5-5 


12 

19 

30 

52 

105 

190 

Cooling water 
hour 

used, litres per 

250 

400 

600 

S50 

1,400 

2,300 

3,800 

8,000 

15,000 


This cooling in the smaller machines is obtained by a refrigerating bath as 
shown above, which also solidifies the moisture and thus dries the air. In the 
larger machines an ammonia compressor is used to cool the air, which is first dried 
by passing over calcium chloride. Such an installation is shown in Fig. 9, 



Fig, 9.—Linde Proco&s—Large Installation. 

{From Chu fe s “ I.iquul Air, Orygen, and Niiroecn." Translated ly Cottrell, and published by 
/. A. Churchill, London. Reproduced with kind permission.) 


For large installations a three stage compressor is used. The air compressed to 200 atmospheres 
in the high pressure cylinder f loses most of its moisture in b and is completely dried over calcium 
chloride in c. It then jmsscs through the inner tube of the cooler HE by means of the pipe to 
the inner tube of the exchanger F which har. l)een described above, p. 87. The air at about 50 
atmospheres coming from the middle tul)e of the exchanger F is passed through the outer tul)e in 
the lop half of the spiral cooler n, thus producing a preliminary cooling of the compressed air, 
and so to the compressor where it is ag.ain compressed to 200 atmospheres. The afixiliary cooling 
is effected by an ammonia compressor 1.. The compressed ammonia is cooled and liquefied in the 
water l)ath M. The liquid ammonia expands through the outer tube of the cooler E, thus cooling 
the compressed air passing to the exchanger F. The expanded gaseous ammonia is then returnea 
to the ammonia compressor through the pipe R. 
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Carbon dioxide is removed from the air by passage over lime or caustic sod^. 

Recently Professor Linde has used another method of desiccating the air by 
means of cold. The rime is condensed in the exchangers which are changed over 
•very twenty-four hours, thus allowing the apparatus to work continuously for 
twelve days or more. 


Theory of the Unde Process. —In the case of the expansion of a perfect gas by simple outflow 
without sensible velocity from a pressure /] to a pressure /»> the work done is always against the 
pressure and thus the work involved in the expansion is— 


J}dv = p.Jiiv - 


where is the expanded volume. 

From a consideration of Boyle’s Law it can be shown that this work is not translated into 
:ooling. 

Air, however, is far from being a perfect gas, and instead of assuming that the relation of 
temperature, pressure, and volume is given by Boyle’s Law, viz.,/-' = KT, where Pj is a constant, 
;hc facts are far moie closely expressed by Van der Waal.s’ equation - 


(/ + " )(" - = KT, 

where <z, and R are constants, 

If, therefore, an imperfect gas. expands from a volume to a volume the work done due 
to internal pressure of the molecules is— 



a 

v.> 


If, as is the case, practically the volume v.. is great compared to the “internal work’* 
lue to expansion is •, 

A full consideration of the problem shows that the whole practical cooling effect or expansion 
by simple outflow is due to this external work. 

This conclusion is somewhat modified in practice by the fact that the compressed gas before 
expansion first passes through the temperature exchanger, but a complete analysis of the facts 
supports the view that the whole cooling effect depends on tlic stale of the cf»mpressed air at 

entry to the exchanger, the cooling effect being equivalent to where 7', is the volume of the 


gas at the entry to the exchanger. In order to increase the yield the quantity should he increased 

^'1 

as much as possible. ()l»viously in order that Vj shall l>c small the pressure of the ga.s before 
expansion must he high. This is ilie case in the Linde process, the air being compressed to about 
200 atmospheres. A consideralile increase in efficiency is obtained by expanding down only to 
about 50 atmospheres instead of right down to atmospheric pressuie, for as by this means the work 
of compression from 50 to 200 atmospheres is far smaller than is the case from i atmosphere to 
200 atmospheres the cooling eflect on expansion in the two cases i> practically the same. Thus 
the w'<jrk of compression fr(*m a pressure of l atmosphere to 200 atmospheres is proportional to 

1^ whereas the work of compression from 50 atmospheres to 200 is proportional to 

, 200 ^ ^ , 

loii ' =0.6 only. 

5 0 * 

Linde, therefore, expands from 200 to 50 atmospheres, tlie expanded gas being returned to the 
compressor at this pressure. 

As the cooling effect depends on the state of the gas at entry to the exchanger, an increase in 
tfficiency is also obtained by cooling the compressed gas before it enters the exchanger, thus 


decreasing rs and increasing the value ~. The Linde process actually employs an auxiliary cooling 
machine which cools the gas after compression, and before passing into the exchanger. 


c 

The Claude Process. —In 1902, after several years of experiment, Claude 
5 rst liquefied air by allowing compressed air to expand in an ordinary compressed 
air motor, thus producing extreme cooling effects due to the external work done by 
the expandi'hg gas on the piston of the motor. 


One of Claude’s greatest difficulties during his work was the lubrication of the moving parts of 
he machine wlien at the low temperatures attained. This difficulty was at first obviated by the 
ise of petroleum ether, wliich at these low temperatures acts as an excellent lubricant. When the 
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machine was started up, ordinary lubricating oil was used, this being gradually mixed with in- 
creasfhg quantitiesbf jietroleum ether as the temperature fell. In 1912, however, Claude succeeded 
in abolishing all lubrication by the use of suitably prepared leather stampings on the working 
parts. This leather was found to retain its ordinary pro|)ertics at these low temperatures, and 
required no lubrication whatever. 

Claude’s first attempt met with ill-success, owing to the fact that, as air becomes 
more and more imperfect as the temperature decreases, he was obtaining only a 
slight expenditure of external work due to the expansion of the cooled gas. This 
imperfection is also enhanced by the increase of specific heat of air with decrease 
of temperature, which limits the fall of temperature due to the expansion. 

The solution of this difficulty was found in slightly raising the initial temperature 
of expansion. Claude’s method of obtaining this result is sliown in Fig. 10. 



Kn;. 10.—Claiiflf I’loce^s. 


(Rct'r,>.h(ceti/>o>ii Clnuiie'i " Ah, Ovyt’fn, and S}tro_^;rH," v<Uh kind permhHou <\t tht 

fuhUihtrs, Meithu J. I'" A. C/iun^n/l.) 


The compressed air at a [iressure of 40 atmospheres passes through the inner 
tube A of the exchanger m to the expansion machine n. 'i'he expanded and cooled 
air then passes upwards round the outside of the tubes of the liquefier i.. These 
tubes are supplied with the compressed air at 40 atmospheres from the tube .\. 
This compressed air is thus progressively cooled by the expanded gases circulating 
upwards until the temperature of liiiuefaction at 40 atmospheres, viz., about - 140" C., 
is attained. Liquefaction then commences in the tubes, the liiiuid collecting in 
the bottom of the liquefier from which it can be run off by means of a cock. 'I’he 
expanded gas passes round the tubes of the liquefier and thus attains the tempera¬ 
ture of liquefai^ion of the compressed gas; it then passes into the outer tube ti 
of the exchanger, atid thus cools the incoming compressed gas, which, therefore, 
reaches the expanding machine at this temperature. In this way it is ensured that 
the initial temperature of expansion does not fall so low that the gas becomes too 
imperfect to produce lii|uefaction. In order that this temperature should remain 
at the desired height the liquid formed in the liiiuefier must be run off at intervals. 


In more recent machines (see Fig. 11) ^he advantages gained by the above procedure arc increased 
by the method of compound liquefaction in which tiie expansion takes place in two .stages. The 
compressed air jiasses through the tubes of the exchanger into the first expansion machine. The 
partially expanded gas then circulates round the top part A of the liquefier tubes which are fed with 
comprestted gas by means of the tube s. On leaving the top of the litiuefier the partially expanded 
gas undergoes a second expansion in Cj, on exit from which it flows round the hottdm half of the 
tubes of the liquefier, then by means of the outside tubes of the exchanger M back to the com¬ 
pressor. The liquid formed in the tubes of the liquefier collects in the vessel ii. The compound 
exiiansion machine is arranged with the two expansion cylinders on the same shaft, using a single 
piston, thus obviating difficulties due to leaks on the high pressure cylinder. 
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Table of Output of Claude Machines. 


Output. H.r. 

Litre'; per hour. used. 

5 . *5 

50 - - - - 60 

65. 75 


The advantages of the Claude proce-s are :— 

1. The use of comparatively low pressures of the com¬ 

pressed gas. 

2. Short lime neccssaiy to attain the temperature of 

thpiefacthm. 

Conse(iuently tlie process i'' increasingly in favour. 


The Separation of the Constituents of 
Liquid Air. —'Phe basis of the separation of tlie 
elements of air by the method of liquefaction was 
first suggested by Parkinson in 1892 and depends on 
the difference in their volatility, the boiling points 
under atmospheric j)ressure being - 182.5" C. for 
o.vygen and - 195.5" C. for nitrogen. The problem, 
therefore, is not very different from the seiraration of 
a mixture of alcohol and water, although the simple 
fractional evaporation of liquid air gives very poor 
yields, and it was not until Linde in 1902 utilised the 
method of rectification that the process became one 
of commercial importance. 



I‘T(.. 11.--Claude I’mccss, with 
ExpansHin in Two Stages. 


The following lal>le of Linde’s experimental results gives 
the composition of the liquid and gaseous states as liquid air 
slowly cvafiorales. 


{Ke/>titducti( from Claude \ ''I.iqutd 
/lit, <^>*d by 

kind permission of the publishers 
Messts /. d?* .A. ('hurchill ) 


Per Cent l.i<{iiid 

Pci Cent Oxygen m 

Pei ('ent Owgcn In 

PerOnt Oxygen 

Kv;i|M)iateil. 

LhimJ Phase. 

(■aseotis Ph.'isc. 

I.eFt in l.iquui. 

0 

23.1 

7-5 

100 

50 

.i 7-5 

15.0 

80 

70 

50.0 

23.0 

65 

80 

60.0 

34-0 

52 

S5 

67-5 

42.0 

43 

90 

77.0 

52.0 


9.5 

SS.o 

70.0 

1<) 


hrom this it will be seen that in ordinary evaporation to obtain an oxyge{^ residue of e;o per 
cent, purity, 70 per cent, of the liquid must he evaporated with a loss of 35 j>er cent, of the total 
available oxygen. 

Similar results were obtained by Tkly in iqoo. 


Temperature. 

Pel Cent. Oxygen 
in l.i(iuid. 

Pel Cent. (Hyg 
in Vapour. 

-195.46 

0 

0 

-195 

8.10 

2.18 

-194 

21.6 

6,8 

-193 

33-35 

12.0 

-192 • 

43 -. 3 » 

17.66 

-191 

52-17 

23.60 

-190 

59-55 

29.93 

— 189 

66.20 

36.80 


Temperature. ' 

i 

Vi Cent. Ovygun 
in LkjuiiI. 

Per Cenl. 0 \ygcn 
111 V.'»|)our. 

-fSS 

72.27 

44.25 

-187 

77.80 

52.19 

-186 

82.95 

60.53 

-185 

87.60 

69.58 

- t84 

91-98 

79-45 

-183 

96.15 

89.^ 

-182 

too 

TOO 
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From this table It will l>e seen that the vapour phase is richer in nitrogen than the liquid phase. 
For^instance, whe*) liquid air (21 per cent. 0 » 79 percent. N) evaporates, the vapour contains some 
7 per cent, oxygen. Thus in simple rectification, although all the nitrogen can be expelled from 
the liquid, the nitrogen itself will contain at least 7 per cent, oxygen. 

In order to produce the evaporation of the liquid air economically, it is 
essential that no cold should be lost either from the liquid or from the cold 
evaporated gases. In modern processes this is ensured as follows:— 

The liquid air to be evaporated is contained in the vessel v (Fig. 12), containing a scries of tubes F 
through which the cold compressed air is passed. The cold from the evaporating lu|uid air in v causes 
licjuefaction of the compressed air in the tubes, this air having already been cooled by passage through 
the exchanger H in a reverse direction to the cold vapours from the evaporating liquid. The liquid 
formed in c is passed into the evaporating vessel v by means of the lul)e K. 



■Nitrogen 


Fj(^. 12.—Apparatus for Evaporating 
Li(}uid Air. 


'-Oxygen 


Fui. 13.—Linde’s Apparatus fur Oxygen. 


{Front Claude's “ I.iquui Air, 0.\ vgen, and 
ytitogen," hy kind jter/nisshn oj the 
publishers, Messrs J. I"- A. Churchill.) 


Although by^this means evaporation is produced with the penetration of very 
little heat from the surroundings, yet the amount of liquid formed from the 
compressed air is necessarily not equivalent to that evaporated, and therefore it 
is necessary to make up the loss by the continuous addition of liquid air. 

Linde’s Apparatus for Pure Oxygen. —Linde’s methrtd of rectification is 
shown in Fig. 13. The liquid air to be evaporated is contained in v and its 
evaporation is produced by the liquefaction of the compressed air in the tubes f 
contained in v. The liquid air thus formed is discharged by the tubes a at the 
top of the rectifying column up which the vapour from the evaporating liquid in 
V ascends. The descending liquid, containing about 21 per cent, oxygen, loses its 
nitrogen easier than its oxygen and thus becomes colder. It therefore condenses 
the oxygen in the ascending gases and thus gets richer in oxygen as it descends. 
When the apparatus is working normally, therefore, the liquid in v is practically 
pure oxygen. When this is the case there will be a temperature gradient established 
in the column, the maximum cold being at the top. The liquid in v can overflow 
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continuously into a second evaporator-yi from which it evaporates through a pipe s 
with a purity of about 98 per cent., the cold produced by the evaporation causing 
liquefaction of compressed air in the tubes f', this liquid being also passed to the 
top of the rectifying column. The nitrogen, which, as already explained, must 
contain at least 7 per cent, oxygen, escapes at the top of the column. 

A Linde separator capable of producing large quantities of oxygen of about 
99 per cent, purity is shown in Fig. 14. 


Air at 2,0cx>lbs. srjuare inch pressure passes by means of the pipe v through the thice small 
tul)es of the temperature exchanger and the spiral tube i/j in the vaporiser to the expansion valve G. 
The air expands here and is discharged by means of the pipe <4 at the top of the rectifying column. 
The expanded air then passes by means of the lubes r, and through the piptsct k of the temperature 
exchanger in the reverse direction lo the incoming com¬ 
pressed air. As soon as the temperature at the expan¬ 
sion valve falls to the liquefaction temperature, liquid air 
is produced which collects in the vaiK>riser n. As this 
accumulates it evaporates, due to the heat from the com¬ 
pressed air in the tube f/j, and the vapour ascends against 
the downward How of liquid air from the pipe d.^ Kecti- 
fication takes place until finally the lifjuid jn B is pracli- P, 
cally pure oxygen. The excess of this oxygen is con- g 
tinuously drawn off by means of the pipe Cj, through 
the lube e of the exchanger to the exit R. The nitrogen 
passes by means ol F through the tubes c, and c to the 
exit C. 

The whole of the apparatus is cased in with 
wood, all spaces being filled with sheep’s wool 
to prevent penetration of heat from the sur¬ 
roundings. 

The nitrogen still contains 7 per cent, 
oxygen, and therefore in this system at best 
only 74 per cent, of the available oxygen is 
obtained 

A complete oxygen plant on the Linde 
system is shown diagrammatically in Fig. 15. 


The air enters ihc purifier B at a. Here it is decar¬ 
bonised by means of milk of lime. The puriBed air 
compressed in the compressors i), and then cooled in 
water, passes througli the pipe E to the d/iers f. Here 
drying is effected first by chloride of lime and finally by 



potash. The dried air is then ccKiled in c by means of 1 ♦ j c 

the refrigerating machine n, and passed into the separ- I4-—I'n^de Separator, 

ating apparatus K. As the desiccation nl' the air i.s never norfti " nictimaivo/Afflicd 

complete, it is necessary for continuous working to Chfinhiry," by kimi pemmsioK r/ th< 
duplicate the’scparalor K. The oxygen e.scapes by means />ublis/iers, Mesvs J.oftgmans6r* €(<) 
of the tube L. 


Of late Linde has desiccated the air by means of the auxiliary refrigerating 
machine. In this case the exchangers in which the moisture is deposited as rime 
are duplicated and changed over about every twenty-four hours. 

The various sizes of oxygen machines working on the Linde system are given in the following 
table:— 


I I. 

11. 

•111. ’ IV. 

V. 1 VI. 1 VII. j VIII.! IX. X. 

Output of oxygen, cubic metres per hour 1 i 

2 

S ! 10 

’ : ; ' 1 

20 ; 50 i ICO 200 ' 500 1,000 

* 1 

Power used, 11 .P..{6 

10 

20 1 35 

S5 1001185 1 350 j 800 1,500 

Cooling water used, cubic metres per hour j 0.25 

0.5 

i.o' 1.6 

2.4 ; 4-0 1 7-0 I 13*0 29.0 54.0 

’ 
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Production of Nitrogen by the Linde System. —The nitrogen obtained 
frorfl the foregoing apparatus contains at least 7 per cent, oxygen. In order to 
produce pure nitrogen Linde has modified the method of rectification. In the 
earlier apparatus the liquid produced in the worm d-^ (Kig. 14), instead of being 
discharged at the top of the column, is discharged at a point half-way down. 'I'hus 
in the top half of the column the gas consists of nitrogen containing some 7 per 



cent, oxygen. The liquid oxygen in the vaporiser is drawn by suction through a 
worm situated in this nitrogen, the cold produced by the evaporation of this 
oxygen causes part of the vapours ascending the reclining column to condense, 
thus reducing the amount of oxygen, and producing practically pure nitrogen at 
the top. 

Although this method allows the waste oxygen to carry away some 40 per cent, 
nitrogen, it is still used owing to its simplicity in smaller plants. 

A more economical method is shown in Fig. 16. 
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The apparatus consists of the exchanger r, the rectifying column A, and the vaporiser B. The 
whole apparatus is cased in with wood, and filled with sheep’s wool to prevent the entrange of 
external heat. • 

The temperature exchanger, which is in the form of a spiral, consists of three small pipes, edft 
encased in a large lube c. The bottom end of the external lube c is carried up to the lop of the 
rectifying column. 

The cooled and purified air at a pressure of about 2,ooo lbs. per square inch is passed by means 
of the tube / through the exchanger, then through iltc coil /j in the vaporiser, to the expansion 
valve H. The air here expands, and passes 
into the rectifying column. It flows out at 
the top of the rectifying column back through 
the temperature excliangcr by means of the 
pipe c. On exit, part of this air is led back 
to the compressor, and is again compressed. 

The usual progressive cooling efi'ect is thus 
produced, and eventually liquid air is pro¬ 
duced, and collects in the vaporiser B. Owing 
to the process of rectification in the column a 
the liquid in B will liecome nearly pure oxygen, 
and the nitrogen escaping at the lop of the 
column, owing to the fact that it is traversing a 
closed circuit, will tend to become purer and 
])urer. The additional supply of air necessary 
for the continuous working of tlie ap])aratus is 
supplied by a subsidiary compressor working at 
6o lbs. per square incli. This cooled and 
purified air passes through the exchanger by 
means of the pipe r/, is li<juefied in the coil r/j 
situale<l in the va)>oriser, and is discharged, by 
means of the pipe r/,, into the lower imrt of the 
rectifying column. This falling licjuicl will 
Irecome rectified by the ascending gases from 
the vaporiser to a purity of 7 per cent, 
oxygen, the descending liquid becoming nearly 
pure oxygen. The nitrogen containing 7 per 
cent, oxygen passes in part, as already de- 
scrilicd, l)ack to the compress(jr by means of 
the pipe c, is compressed, liquefied, and dis¬ 
charged at tlie toj) of the rectifying column. 

A reference to Ikily’s figures will show that 
this liquid, containing 7 per cent, oxygen, will 
purify the ascending gases to 2 per cent, 
oxygen. These purified gases again traverse 
the high compression circuit, and so on. Thus 
pu'e nitrogen will eventually {mss from the exit of the tube c. The oxygen can be obtained 
from the tube c. 



Fig. 16.—Linde Nitrogen Separator. 

(hrom Thorfe's " Dictimary 0/Affilied Cketnistry." 
By the courtesy 0/Messrs LongmaHS Us* Co.) 


Sizes of the Linde nitrogen machines .ire as follows :— 


Si7e of Machine. j 

_ 1 

J. 

11. ! 

III. 

i IV. 

1 

V. vi. 

VII. 

VIII. 

IX. 

X. 

,Output, cubic metres nitrogen jier hour | 

6 

12 

30 

60 

1 

120 300 

600 

1,200 

3,000 

6,000 

Power used, 11 .P. - - - - | 

9 

15 

30 

52 

80 150 

275 


1,100 

2,000 

Cooling water in-cil - • - . j 

0-75 

0,9 

1-5 

2.6 

4 7.5- 

12 

20 

38 

75 


Ihc amount of liquid used in the closed circuit can be made as large as is 
desired, and in consequence the purity of the nitrogen can be raised from 99,8- 
99.9 per cent. An apparatus working on this system has the advantage over the 
apparatus described previously in that it yielfls a gas of more constant purity. 
These plants take a comparatively large amount of power (about 0.5 K.W. per 
cubic metre of nitrogen), as the energy required for compressing the nitrogen is 
only partiaUy utilised for the separation of the components. 

1 he largest nitrogen plant which is run on the Linde system is at This 

plant, erected in 1908, is rup by a 200 H.P. electric motor, and produces 3,000 
cub. ft. of nitrogen per heSur. 
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New Linde Apparatus for 


the Production of Pure Oxygen 
and Nitrogen. —In the oxygen appar- 
atus described above the nitrogen leaves 
the apparatus with at least 7 per cent, of 
oxygen, so that only about 74 per cent, 
of the total oxygen in the air can be 
extracted. In order to obtain a better 
yield in this respect another type of 
apparatus has been built which subjects 
the air to a pre-rectification under a 
pressure of 4 atmospheres (see Fig. 17). 

I'his apparatus consists of two columns, one 
above the other, the lower of which works at 
4 atmo«>phcres* pressure, the upper at atmospheric 
pressure. The compressed air entering at a i.s 
liquefied in the evaporator .s and i.s discharged 
about half-way up the lower column. The 
vapours rising from the evaporator s are purified 
to about 10 per cent, oxygen content by ihi.** 
falling liejuid (the conditions of equilibrium 
between liquid anil vajiour under higher pressure 
being different fiom those at atmospheric pres- 
suie), and are further purified by the liquid which 
is produced in the coil situated in the evaporator 
<■, so that eventually nearly pure liijuid nitrogen 
is produced in the coil in <. About half of this 
liquid trickles back into the lower column, the 
other part being expanded through the valve f 
and discharged at the top of the low' pressure 
column About half-w.iy down this column the 
liquid in s, containing 50-60 per cent, oxygen, is 
discharged by means of a valve i. Thus in this 
column the final rectification takes place, the 
nitrogen escaping at /, the oxygen at 1 -. 

Although theoretically it should be 
possible to produce simultaneously pure 
oxygen and pure nitrogen, only 85-90 
per cent, of the total oxygen is actually 
obtained by this means. This arrange¬ 
ment is capable of producing oxygen with 
an expenditure of energy of 1.3 K.W.H. 
per cubic metre. 

This two-column process has also 
been adapted to the production of pure 
nitrogen. The nitrogen with a purity 
of 99.6-99.8 per cent, requires an ex¬ 
penditure of energy of 0.4 K.W. per cubic ■ 
metre. 

Claude’s Apparatus for the 
Production of Pure Oxygen and 
Nitrogen. — In Claude’s apparatus a 
method is emidoyed which is styled by 
the inventor as the method of the “ back¬ 
ward return,” by which means a separa¬ 
tion into a liquid rich in oxygen and one 
poor in oxygen is obtained. This method 
is illustrated in Fig. 18. The compressed 
air passes through the inner tube of the, 
exchanger m to a vessel c. It then passes up the tubes of the v’aporiser v, back 
through the outer tubes of the exchanger. The vaporised gas contains evaporating 



Fig. 17.—New Linde Apparatus for 
Oxygen and Nitrogen. 
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liquid air, the vapours of which also pass through an outer tube of the exchanger. 
The compres.sed air entering the lower end of the tubes in the liquafier becomtA 
liquefied. Now a reference to Baly’s results will show that in order that evaporating 
liquid air should furnish a gas of 21 per cent, oxygen content it must itself be of 
an oxygen content of 47 per cent. C'.onverscly, if atmospheric air of 21 per cent, 
oxygen content is progressively liquefied, the first 


drops which are formed will be of 47 per cent, 
oxygen content. The liquid formed in the lower 
part of the tubes is therefore of 47 per cent, oxygen 
content. Thus the remaining air rich in nitrogen 
ascends the tubes, and in ascending is further robbed 
of its oxygen, until finally at the top of the tubes 
the gas IS practically pure nitrogen. The liquid 




Kic. 18. --Cbude's Af>}Mi.stus fur Pure Oxyjjcn 
and Nitrogen. 

(Frow ClauJr'i tir, Oiygt’ft, and Nilritf'rn" trumlatc'd 

b- CaitrtH. By i-tnd oj the huhhshers, MtiSfs 

7 . A. Churchill.') 


Fk;. 19.—(’laude’s Complete 
Apparatus, combining the 
J'roccss of Rectification 
with Backward Return. 

{Freni Claude's "Liquid Ait, 
0 .xygfn, amt Nitrogen^' 
translated by Cetttell. Bv 
hind fieri/iissien of Messrs 
/. A. Chutxhill) 


falling downward through the tubes at the same time gives up its nitrogen in 
exchange for the oxygen which is condensed in c. This liquid of 47 per cent, 
oxygen content is continuously discharged into the vaporiser v, the gases passing 
through the outer tube n of the exchanger. • 

The complete arrangement of Claude's apparatus, combining the process of 
rectification with the backward return, is shown in Fig. 19. The compressed air 
cooled in the exchangers enters at the bottom of the series of concentric tubes f 
immersed in liquid oxygen and is liquefied, yieKling a liquid of 47 per cent, oxygen 
content, which collects in a, and practically pure gaseous nitrogen. This gaseous 
nitrogen, passing through the concentric tubular space k' is, owing to its pressure, 
liquefied in c. This liquid nitrogen is dischargbd at the top of the rectifying 
column, while the liquid from a is discharged from the middle of the column. This 
liquid of 47 per cent, oxygen content will exhaust the ascending gases to 21 per 
cent, oxygen imntent. The rectification will be completed by the liquid nitrogen 
descending from the top of the column. Pure nitrogen will therefore pa.ss from 
T, and pure oxygen from t. The additional liquid air necessary to compensate for 
the continued loss of cold is added from a separate liquid air machine. 

VOL. I.—7 
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In later machines Claude has succeeded in performing the separation of the 
gases and the production of the additional liciuid necessary in a “ single cycle.” 

The cooled compressed air passes through the temperature exchangers E and e’ (Fig. 20) 
traver^d liy the cold separated gases, and divides into two portions at the point X. One portion 
ex})ands in ihe motor o wiili production of external work» is liquefied and separated into liquid rich 
in oxygen and nitrogen in the vessels A and a’ resjieciively, as explained above, these liquids being 
supplied to the rectifying column, as shown at different heights. Cold nitrogen, passing off through 
the pipe c, traverses the temperature exchanger i. and liquefies the second portion of the compressed 
air, thus forming the supplementary liquid which is admitted to the vessel a to make up for 
mechanical imperfections. The nitrogen then passes through the exchanger K. The oxygen from 
the vessel R is j^assed through the exchanger 

Pure Nitrogen by the Claude Process.-Although in principle the 
process of the backward return achieves the complete separation of the air into 



Fig. 20.— Claude’s “Single-Cycle” Apparatus Fig. 21.— Drying Ilatlery for 

for producing Pure Oxygen and Nitrogen. Hildebrandi’s Process. 


pure oxygen^and nitrogen, yet in practice, especially if it is desired to produce pure 
oxygen also, the nitrogen is only about 3 per cent. pure. 

Claude has got over this difficulty by arranging that the litjuefaction of the 
residual nitrogen at the top of the tubes of the liquefier v (Kig. 18), is facilitated 
by a supplementary liquefier supplied with liquid from the bottom of the rectifying 
column. In this way nitrogen containing not more than 0.2 per cent, of oxygen 
can be obtained. 

In the installations working pn the Claude principle the desiccation of the ait 
is obtained by passage through soda towers, or through baffle boxes filled with 
hydrated lime, and finally by chloride of lime. Claude has recently succeeded in 
producing desiccation by cold obtained by expansion with external work in which 
the special exchangers are charged over every twenty-four hours aS in the Linde 
system. 

The present installations are based upon the “ backward return ” and double 
rectification, and are worked on the “single cycle” system. Recently the 
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apparatus has been made more compact by combining the whole ^paratus in,a 
single column. * 

The most usual sizes in Claude’s system are from 5-20 cub. m. per hour 
capacity, which at present are at work in some forty installations. 

Hildebrandt’s Process for Preparing Oxygen and Nitrogen.— This 
system is also coming rapidly into use, and, like Linde’s process, depends on 
intensive cooling. 

The air before entering the apparatus is freed from carbon dioxide (COo) and water vapour by 
passing over caustic soda or caustic potash (preferably the last), and then over calcium chloride in 



the drying battery shown in Fig, 21. Next the air is compressed to 200 atmospheres, cooled, and 
then sent into the upper end of the apparatus (Fig. 22), where it is cooled by intensive self-cooling 
until the air liquefies. 

Then by evdl^oration and fractional boiling it is separated into its components, oxygen and 
nitrogen. The nitrogen usually escapes as a by-product int(» the air, while the oxygen, of 98 per 
cent, purity, is conducted into a gas holder, and there by means of the oxygen compressor compressed 
into steel bottles or cylinders. 

. Further details should be sought in Hildebrandt’s {Stents (see list, p. 83). 
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THK LIQUEFACTION OF HYDROGEN 

'I'he principle of self intensive cooling has now been applied to the production 
of liquid hydrogen, and Fig. 23 shows diagrammatically such an apparatus mariu- 



Fio. 23.—Hjimpson’s Apparalus for biquid Hydrogen, sliowing attachment of Glass 
Vacuum Jacketed Collecting Vessel (British Oxygen Co.). 


factured by the British Oxygen Co. Hydrogen from a gas holder is compressed 
to about 200 atmospheres, and after purification over caustic potash enters the 
lower end of the coils in the chamber a. It then passes down thrbugh the coils 
B .which are immersed in liquid air. The compressed hydrogen, thus cooled to 
about - 190° C., passes through the coils c. Liquid air is allowed to drop into the 
chamber round these coils through a small valve regulated by a spindle at the top 
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of the apparatus. A partial vacuum is maintained in this chamber by means of 
a small pump connected to the pipe o, so that the temperature of the evaporating 
liquid air is lowered to below - 200° C., and the compressed hydrogen is thus farther 
lowered in temperature. The compressed hydrogen then flows through the coil e, 
and expands through the valve f. The expanded gas then jrasses ba.rk over the 
coils E, round the chambers enclosing c and b, over the coils a, and back to the 
holder. After only a few minutes working part of the expanding hydrogen is 
liquefied, and can be collected in the vacuum vessel k, which can be removed at 



will. This apparatus is capable of producing about 2 litres of liquid hydrogen per 
hour with an expenditure of 10 litres of litjuid air. 

The Linde Frank-Caro Process for the Production of Hydrogen 
from Water-Gas (sec also p. 113, under Hydrogen).— In the separation of 
gaseous mixtures, in which the boiling points of the constituents are very different, 
the liquefaction of the whole mixture is not necessary. The separation can be 
effected by condensing the less volatile constituent by suitable temperature and 
pressure, while the more volatile constituent remains in the gaseous state. A 
process on these lines has been applied to the separation of hydrogen from water- 
gas. The low temperatuw required is obtained by the aid of liquid nitrogen 
supplied from a separate apparatus. The construction of the separator is shown 
diagrammatically in Fig. 24. 
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The water-gas from the producer is 

first washed by water. 

The average com- 

pbsition of water-gas is by volume:— 

I-iquid, B.P. 

Per Cent. 

Hydrogen 

- 253 "F. 

4*-54 

Carbon monoxide 

-192 c. 

42-44 

Carbon dioxide 

- 80” c. 

5-2 

Nitrogen 

- 196° c. 

Si 


The water-gas is then compressed, ctoled, and treated with water under 
pressure, which removes practically all the carbonic acid, the remainder being 
absorbed by caustic soda. This dried compressed water-gas then passes through 
the temperature exchanger of the separator to the coil b (Fig. 24) immersed in a 
bath K containing liquid carbon monoxide. 

In this coil the carbon monoxide is almost entirely condensed, and collects in 
the bottom of the liquefier a, whence it can be discharged by means of the cock 
R into K. The remaining gas passes through the liquefier a, surrounded by liquid 
nitrogen evaporating under vacuum. In this way more carbon monoxide is 
condensed, and the gas issuing at the top is composed of about 97 per cent, 
hydrogen. The remaining carbon monoxide can be removed by passage over soda 
lime. 

After purification tlie gas contains : 

CO. - 

Heavy hydrocarlxnis 
Oxygen - 
CO 

Hydrogen 
Marsh-gas 
Nitrogen 

with a specific gravity of .077 to .079. 

The waste carbon monoxide gas can he used to generate power. In plants from too cub. ni. 
per hour upwards the waste carbon monoxide is sufficient to drive the whole plant. 


o per cent, 
o 
0 
o 

99.2.99.4 
o 

0.8 0.6 


Si/e of Plant. 

■ 

li. 

HI. 

IV. 

V. 

Cubic metres of hydrogen per hour 

25 

50 

ICO 

2 C 0 

500 

Water-gas required per hour 

70 

125 

250 

500 

1,250 

Cubic metres cooling water required per hour • 

2.25 

3 - 8 o 

_ 

7.60 

! ti'So 

32.50 


Inventors in large numliers have applied themselves to the problem of the production of gases 
from mixtures by means of liquefaction, but the processes already described are still the only ones 
established one large commercial basis. For details of other methods a perusal of the various 
patents (above) is recommended. Among others, which may contain the liasis of a commercially 
sound prcKe.ss, may be mentioned those of Hampson, Thrupp, Pictet, Hildebrandt, and I-eyy. A 
patent by Levy and Hellbronner in 1902 applies the process of lixiviation by liquid rich in nitrogen 
by somewhat different means to the foregotng. The process consists of carrying out the fractional 
distillation under pressure in order to produce reliquefaction of the vapours, and thus obtaining 
rectification by washing with increasingly cold liquid. 

Hildebrandt has produced a large number of patents, chiefly dealing with improvements of 
special parts of liquefying apparatus (see pp. 83 and 84). 




Table of ’’hysical Constants of Liquefied Gases (Dickerson). 
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PROPERTIES OF ’INDUSTRIAL GASES 
The following table gives the properties of the chief liquefied gases i 
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SliCTlON X 

INDUSTRIAL OXYGEN 


By Gkoii-rky Martin, D.Sc., Ph.D. 


Manufacture.— The main method is from liquid air in the manner described 
in the pre< eding article by Lieut. Dickson. 

The following processes may Ije mcmioned in addition to the method already described :— 

1. The Brinn Process.—IIy means of Kariuin peroxide. No long<‘r worked. 

2. The Jaubert Process. —Potassium }>ermanganatc is mixed with sodium peroxide. When 
water iv added oxygen gas is spontaneously cv(»lved. Somewhat cheaper is the process (patented 
in 1902) of mixing together and compressing into lalilels sodium peroxide and bleaching powder 
<100 parts of bleaching powder with available 0 = 33*35 per cent., to 39 parts of Nju.O»). On 
bringing tliis into contact willi water, oxygen is evolved according tf> the equation:— 


(.a(^(do -f NaTL = (\i() -i- 2Na('l + 2O. 


Convenient for use on a small sc.ale. Sold under name “Oxygen Cube*..” 

3. Electrolytic Oxygen.— I'his is oblaincxl as a by-product in the manufacture l>y electrolysis 
of caustic soda, etc. (see p. 114, also p. 370), hydre^en being also olrlained at the same lime. 

It <’an, howe\er, only bo produced economically at places where eleclricai power is very cheap. 


Properties of Oxygen.- The main pfiysicul properties of oxygen are set 
forth in the table on page 103. 

Its main characteristic is the intensity with which it supports combustion. 

Uses of Industrial Oxygen.— The main use of industrial oxygen is the 
autt genous welding and cutting of metals. 

'I'o give some examples—the case and rapidity with which the most extensive 
and massive iron structures can be cut through in almost any position by a few 
workmen in a few minutes, work which in the ordinary way can only be effected 
hy many workmen in a great many days. Its u.se for demolishing iron structure.?, 
( ic., has been demonstrated in innumerable cases. The cutting out of a manhole 
in a boiler of average size will employ two w’orkmen seven to eight hours. By 
means of oxygen the work can be done in about eight minutes. 

Industrial oxygen is at present principally employed 

1. In the Motor Car Industiy.— For welding together aulogenously metals like cast iron, steel, 
magnalium, aluminium, and for effecting rapid repairs of broken parts. 

2. For Illunimating Purposes, a jet of oxygen .^cing impinged on lime, etc. 

3. In Mining and Tunnelling and Iron Smelting, stopi)agcs in blast ovens arc often 
melted through. 

4. In the Tinning and Enamelling Industry, fur melting and welding different metals. 

5. Id the Manufacture of Varnishes, etc., manufactifre of SO;., etc. 

6. The Gas Industry. —Enriching the air with oxygen allows the smokeless burning of 
certain fuels in furnaces, also the burning 0/ wet peat, wood waste, etc., in the production of com¬ 
bustible or producer-gas, water-gas, etc. 

7. The Glaas and Ceramic Industry use oxygen for cutting through glass plates, cylinders, 
etc., also for increasing the temperature of certain small furnaces. 

8. Medicinal use of Oxygen. —For saving life for “gassed” workmen, and for adminis* 
trating to those suffering from lung complaints. 

9. In Lead Work, for making leaden vessels, sulphuric acid chamliers, etc. 
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Innumerable other uses are growing up for oxygen gas, but the above suffices, 
to give the reafier an idea of the enormous extent to which oxygen is now being, 
employed in industry. 

Statistics. —Germany in 1905 used only a()out 40,000 cul>. in. of oxygen. 

The following table shows the amount of oxygen su[)pUed from Linde plants alone in 1911 


Germany 
England 
France 
Italy • 

Austria-Hungary 
Spain • 
Switzerland 
Denmark 


Cub. Metres. 
6 , 000,000 
2,230,000 
1,550,000 
680,000 
660,000 
220,000 
180,000 
110 000 


Sweden 

Koumauia 

Russia 

America 

India - 

China 

Australia 


Cul). Metres. 
80,000 
80,000 
80,000 
2,676,000 
144.000 
^,000 
220,000 
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SECTION XT 

INDUSTRIAL NITROGEN 

By Geoffrey Martin, Ph.l)., D.Sc. 

Manufacture. —Nitrogen is now manufactured almost exclusively from atmos¬ 
pheric air by the liquefaction process, as described in Section IX. on the Lique¬ 
faction of Gases. 

In some Continental works the nitrogen is produced by passing air over hot 


Carbide Retort 





copper, which retains the oxygen as copper oxide, and allows the nitrogen to pass 
on, as explained above. The copper is regenerated by passing water-gas over the 
treated copper:— 

Cu -F O = CuO; 2t:u() -i CX) -t IL = Cu + COj S ll„ 0 . 

Fig. I represents a diagrammatic sketch of the apmratus employed for making nitrogen for 
the manufacture of calcium cyanamide. Air is forced tnrough the iron tubes aa. which are filled 
with granulated copper. The oxygen is absorbed and the nitrogen {Kisses on, to lie absorbed, 
say, in the calcium carbide in the retort it. 

Crude nitrogen, contained in the waste gases from furnaces, is also used for 
making aluminium nitride (see p. 473). 

Properties. —Pure nitrogen is a colourless, tasteless, and inodorous gas. It 
does not support combustion, it is non-inflammable, and does not turn lime-water 
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milky (distinction from carbon dioxide). It combines directly with substances 
siich as calcfum, barium, magnesium, titanium, silicon, etc., forming compounds 
known as “nitrides.” Chemically pure nitrogen possesses the following pro¬ 
perties;—Critical temperature, -146° C.; critical pressure, 35 atmo.spheres; 
boiling point at atmospheric pressure, -194.4° C. ; freezing point, -214° C.; 
density of gas, 14.01 (H = i), or 0.96717 (air= i); specific gravity of liquid nitrogen 
at its B.P. is 0.8042 ; solid nitrogen has a specific gravity of .0265. The weight of 
a litre is 1.25107 g. (Rayleigh). Atmospheric nitrogen contains argon, and so its 
density is somewhat greater than that of chemically pure nitrogen, the density of 
“atmospheric” nitrogen being 0.97209, and one litre at 760 mm. weighs 1.25718 g. 
(Rayleigh). 

Uses.-' Nitrogcn is now being manufactured on an enormous scale for Uie pro<luction of 
Synthetic Ammonia (see p. 469), calcium cyanamide (nitrolim) (see p. 475). It is also used for 
making aluminium nitride, and other nitrides (see Ser[>ck process, p. 473. 

When nitrogen gas (or ammonia or evt-n nitrogen-containing sulisiances) is brought into contact 
with wliitc-hot iron, some nitrogen is absorbed by the surlacc, anil an extremely hard surface is thus 
produced (case-hardening). 

'I'hc nitretgen gas industry is as yet in its infancy, but is rapidly developing. 
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SECTION XII 

INDUSTRIAL HYDROGEN 


ISv II. SiANi.EV Redgrovk, B.Sc. (Lond.), F.C.S. 

LI J'ERATUKE 

Cakieion Ei i.is, S.K.—“The Hydrogenation of Oils, Calalysers. and Catalysis, anJ 
the Generation o( Hydrogen.” London, 1915. 

A. W. Crossi.ev.—“T he Preparation and Conimorcial Uses of Hydrogen,” 7 hf. Pharma' 
(fuliial Jonnuil, London, 1914, Vol. XCH., pp. 604, 637, 676. Reprinted in 7 'hr 
Journa! of the Society of Chemtial Indtatry, Londtm, 1914, \'oI. XXXHL, p. 1135. 

F. Production of Hydrogen from Water an<l Coal (rom Cellulose at HigU 

Temperatures and I*iessures,” The Journal oj the Sodety of Chemical liidu\try^ 
Lon<lon, 1913, Vol. XXXII.. p. 462. 

Caki. Lim>e and R. WU( ilKREK. • “ Lowest Temperatures in Industry.” Munich, 1913. 
Volume presented to the members of the Third International Congress of Refrigera¬ 
tion, Chicago, 1913. 

A. Foi'rmois. “La KabriraPon <ic rilydrogtiu* pour le Gonnement des Ballons,” 
.Pevue fndale ile\ S,ien,e\puie\ rf appliifuS \, Paris, 1915, Vol. .\.\\T., p. 339. 

Sir H. K. koscDK, l‘',R..S., and C. SciioRI.kmmrr, K.R.S. Article on “Hydiogen” 
in their “A Treatise on Chemistry,” Vol. I. London, 1911. 

Also the numeroux I’atent Specilieations <jUoted in the text. 


I’ROI’ERTIKS 

Hvukooen ih a colourless, odourless, and tasteless gas. It is the lightest eleuient 
Known, its atomic weight (O - i6) being 1.0008, and its density, compared with air 
as unity, being 0.061)49. It has been liipiefied by Dewar and others, and boils, 
at -252.5” C. l.iquid hydrogen is a clear, colourless fluid, part of which may 
be solidified by rapid evaiwration of the rest. Solid hydrogen is also colourless, 
and has a melting point of -257” C, according to Dewar, or -258.9“ C., 
according to Travers. 

Hydrogen is a very widespread element, since it forms about one-ninth part 
by weight of water. It occurs free in nature in the gas of certain volcanoes, and 
in combination with other elements in petroleum and most organic bodies, as 
well as in water. 

Hydrogen combines vigorously with oxygen to form water, acoording to the 
equation:— 

211., H O.. - 2H.,0. 

Mixtures of hydrogen and oxygen combine with explosion when ignited. Hydrogen 
bums readily in the air, with an almost colourless flame (faintly green, tinged with 
violet-blue). The colour may be altered by changing the pressure. The heat 
evolved in the combustion of hydrogen is very ^reat. At constant pressure and 
temperature f C., the heat liberated per gram-molecule of water produced is 
57.9 + 0.00165/ cals., when the water is in the gaseous state, or 68.5 - 0.0077/ cals., 
when, the wa^er being luiuefied, its latent heat is also obtained.' 

Hydrogen will not support the combustion of bodies which we usually regard 


Julius Thomsen, “Thermo-Chemistry,” translated by K. A. Kurke, B.Se., 190S, p. 193. 
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as combustible, nor will it support life. It is not, however, poisonous, and certain 
bodies, for instance oxygen and chlorine, will burn in it. 

It is very slightly soluble in alcohol, and .still less soluble in water. 

Certain metals, palladium in particular, have the remarkable property of 
absorbing large quantities of hydrogen at high temperatures and pressures, with 
very little alteration in their physical properties and appearance. Such “ occluded ” 
hydrogen, as it is called, exhibits increased chemical activity. The hydrogen is 
evolved when the metal containing it is placed under reduced pressure. Palladium 
will absorb over 900 times its volume of hydrogen when heated in an atmosphere 
of the gas, whilst black platinum will absorb about 100 volumes under similar 
conditions. 

Recent experiments have shown that certain bodies (for example, unsaturated 
fats) will readily enter into combination with hydrogen if palladium, black platinum, 
or especially nickel, or an oxide of nickel, is present. This phenomenon is, no 
doubt, closely connected with that of occlusion, but its exact nature, whether the 
hydrogen chemically combines with the metal to form a definite compound, or 
merely “alloys” with it in the manner that two metals may be alloyed, is still a 
matter of^debate. In its combinations hydrogen certainly appears to be capable 
of acting both as a metal and as a non-metal. 


MANUFACTURE 

Water is by far the cheapest raw material for the manufacture of hydrogen. 
Next in point of cheapness come hydrocarbons. 'J'here are a few processes making 
use of other sources of hydrogen, but they arc in all cases much more expensive, and 
are either being superseded, or have only a limited ajrplication for special purposes. 
The various processes may be roughly classified as follows:— 

1. By the Action of Water on Metals. 

2. By the Actir'n of Water on Non-Metals. 

3. By the 1 leoxidising Action of Carbon Monoxide. 

4. By the Electrolysis of Dilute Sulphuric Acid, Alkali, or certain Salt 

Solutions. 

5. from Hydrocarbons. 

6. By the Action of Acids on Metals. 

7. By the Action of Alkalis on Metals. 

8. Special Methods. 

These will now be considered in detail. 

I. By the Action of Water on Metals. 

The alkali metals (e.y., sodium) and the metal.s of the alkaline earths (r.f., calcium) decompose 
water at ordinary temperatures, the first violently and the -second readily, as under:— 

2Na + 2H./) 2Na01I + H^. 

Ca + 2H„(,) = Ca(OII)o -f U.J 

Certain metals which, in a pure condition, will attack water only at high temperatures, will 
react at lower temperatures if alloyed with some other metal, e.g., zinc, if first coated with a thin 
layer of copjKr, will readily decompose warm water (Zn-e2H„0=Zn(0Il)2 + H.jl. 

These processes are only applicable for the preparation of pure hydrogen in the laboratory. A 
somewhat similar process has, however, been patented by Uyeno (English Patent, 11,838, 1912 ; 
United States Patent, 1,118,595, 1914), in which an alloy of aluminium with small proportions o( 
line and tin, together with a trace of mercury, is used to decompose hot water. The method seems 
well adap'ed to the preparation of hydrogen for .aeronautical purposes; but such an alloy would be 
too expen-ivc for manufacturing hydrogen for industrial use, and iron is practically the only metal 
used industrially for the decomposition of water. 

When steam is passed over hot iron, in a suitable furnace, hydrogen is produced 
in accordance with the eiiuation— 

3Fe + 4lhO = FcjO, -i- 4Hj. 



INDUSTRIAL HYDROGEN 


III 


The iron can be revivifie 4 by reducing the oxide formed by means of gas cgn- 
taining carbon monoxide (for example, producer-gas, q.v.), thus: * 

}'ei,04 -H 4CO = 3Fe + 4C02. 

This is Lane’s process. 

The two reactions are carried out alternatively so long as they are found to 
take place with sufficient speed, ten minutes being allowed for the first (“gassing” 
or oxidation period), and about twice as long for the second (reduction period). 
A temperature of from about 90o'“-i,ooo“ C. is used for both. In order to make 
the process practically continuous, two or more furnaces may be run alternatively 
<see Lane’s Patents, English Patents, 10,356, 1903; 17,591, 1909; 11,878, 
1910, etc.). 

The process has been found very efficient when a suitable type of iron is 
employed, though there are a good many technical difficulties connected with it, 
which a number of patents taken out during the last few years claim to have 
obviated. Spongy iron appears to be far more reactive than the compact form, 
which is apt to become only superficially oxidised (Badische Anilin und Soda 
Fabrik, English Patent, 27,735, '912; French I'atent, 453,077, 191^ Anton 
Messerschmitt, United States Patent, 971,206, 1908). However, compact iron 
will decompose steam, and H. Dicke (German Patent, 280,964, 1913) proposes 
that the scrap-iron that accumulates in iron and steel works be utilised for this 
purpose. Messerschmitt (English Patent, 18,028, 1913; French Patent, 461,480, 
1913; United States Patent, 1,109,448, 1914) states that good yields of hydrogen 
can be obtained at about yoo'-Soo" C. by using a mixture of iron and manganese 
produced by the reduction of ores containing both these metals; whilst W. Nkher 
and M. Noding (German Patent, 279,726, 1913) pass the steam first over copper 
and then over iron. 

Messerschmitt is responsible for a large number of improvements in 
apparatus, etc., for the manufacture of hydrogen by the deoxidation of steam by 
means of iron, for which see German Patents, 263,391, 268,062, 268,339, 1912; 
French Patents, 444,105, 444,106, 1912; 461,623, 461,624, 461,625, 462,379, 
1913; English Patents, 12,117, 12,242, 12,243, 1912; 17,690, 17,691,17,692,18,942, 
1913 ; United States Patent, 1,109,447, 1914. P'or improvements in apparatus the 
following patents should also be consulted— Badische Anilin und Soda Fabrik, 
English Patent, 2,096, 1913; and Berlin Anhaltische Maschinenbau A.-G., 
English Patents, 28,390, 1913; 6,155, >914; French Patent, 465,474, 1913; United 
States Patents, 1,118,595, 1914 ; 1,129,559, 1915. Purification of the reducing gas 
employed is essential in order that the efficiency of the iron shall be preserved. 
With due precautions the hydrogen obtained is in an almost chemically pure 
condition, containing only traces of nitrogen. According to Bergius (“ Produc¬ 
tion of Hydrogen from Water and Coal from Cellulose at High Temperatures and 
Pressures,” The lournal of the Society of Chemical Industry, Vol. XXXII., 1913, 
p. 462; German Patent, 254,593, 1911; French Patent, 447,080, 1912; English 
Patents, 19,002, 19,003, 1912 ; United .States Patents, 1,059,817, 1,059,818, 1913), 
water is more reactive in the liquid state than in the gaseous state. Consequently 
he carries out the reaction between water and iron at a sufficiently high pressure 
to prevent the vaporisation of the water. The resulting hydrogen is particularly pure, 
owing to the fact that under the conditions of the method the water does not 
attack the impurities in the iron. One specimen of hydrogen obtained by this 
method gave the following results on analysis:— 

Hydrogen ----- 99-95 per cent. 

Carbon monoxide - - • - o.ooi ,, 

Saturated hydrocarbons 0.042 

• Unsaturated hydrocarbons • • - 0.008 ,, 

The speed of the reaction rapidly increases with a rise in the temperature, and 
it is facilitated by the presence of a trace of an electrolyte, such as ferrous chloride, 
and of a metal more electro-positive than iron, as shown by the following table:— 
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Temperature, j Volume of Hydrogen 
0“ Kvolvcd per Hour. 

Iron and pure w.iler - 
„ -i FeCL - 
„ +FeCl.jH-Cu • 

,, -i-FeCL + (*u 

C cs. 

300 230 

300 1,390 

300 1,930 

340 3.4,30 


TIk' iron oxide (Fe^Oj) is obtained in tlie form of a finely divided powdei, whiob 
can be readily reduced by means of carbon or carbon monoxide. Another advantage 
of the method lies in the fact that the hydrogen is obtained under sufficiently high 
pressure for filling into cylinders without further compression, 'i'he process is 
worked at a factory in Hanover, and it is claimed that thi' method is so rafiid that 
a generating vessel of lo gallons will jiroduce about 3,000 cub. ft. of hydrogen per 
day at a cost of about Jd. per cubic metre. 

2 . By the Action of Water on Non-Metals.- Certain of the non metals 
can be made to react with water so as to yield an oxide and free hydrogen. The 
only one of industrial importance is carbon. When steam acts on heated coke 
the following reactions take place : — 

C + U„<) = CO 4 11 ... 

C + 2H.O = CO,, I- 2ll„. 

The mixture of carbon monoxide and hydrogen obtained in the first case is 
known as “Water-Clas” (see the present writer’s article on “ Froducer-Gas ” in 
this volume). Kfforts have been made to cause the second of these reactions 
to take place exclusively. O. Dieffenbach and W. Moldenhauer (Fnglish 
Patent, 8,734, 1910) claim that this may be accomplished by im|)regnating the 
coke with 10 per cent, of potassium carbonate, and mixing it with five times 
its weight of lime, which absorbs the carbon dioxide produced. .\ temiierature 
of 55o''-7So’ C. is employed. F. Bergius (German Patent, 259,030, 1911) uses 
a sufficiently high pressure to prevent the vaporisation of the water (see above). In 
these circumstances he states that the formation of carbon monoxide may be 
prevented by the use of certain catalytic agents, of which he [irefers thallium 
chloride (1 per cent, of the weight of the coke). He uses a temperature of 340“ G., 
and the carbon dioxide produced is absorbed by lime. 

The manufacture of hydrogen from water-gas is now one of considerable 
importance, and several methods have been proposed for the separation of the 
carbon monoxide from the hydrogen. 


Thus A. Frank (French Patent, 371,814, 1906 ; Fnglhh Patent, 26,808, 1906) suggested the 
use of cuprous chloride solution, which absorbs most of the cariion inonoxiile. The dried gas is 
then passed over-'-alcium carliide at a temperature exceeding 300" C., wlien tlic following reactions 
take place 

CaC,, + CO = Cat) 4 3 C, 

2Ca(h 4 CO = 2CaO 4 5C, 


The carlxm dioxide and nitrogen jirescnt are also absorbed, with the production of calcium 
carbonate and calcium cyanamide respectively. The proce.ss, however, proved too expensive to 
work for industrial pur|)Oses, which led to further investigation, resulting in the Linde. Krank-Caro 
process, dealt with lielow. 

Physical methods have also been proposed for the separation of water-gas into its constituents. 
Centrifugation (see English Patent, 12,194, 1902, E. N. Mazza) has not proved satislactory 
(see also English Patent, 17,946, 1905 ; C. Clamond). Diffusion has also been proposed, Jouvier 
and Gautier (French Patent, 372,045, 1906I claiming that a single passage through a jiartition of 
unglazed porcelain reduces the amount of carlron monoxide by nearly 82 per cent. 

In consequence of the great difference between the boiling point of hydrogen 
(- 252.5'’ C.) and the boiling points of carbon monoxide (- 190" C.) and 
nitrogen (-195.5" C.), liquefaction has proved to be by far the most important 
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method industrially for the separation of hydrogen from the carbon monoxide of 
water-gas, and the nitrogen usually present as an impurity. Linde’s work, cited 
above, should be specially consult^. The main principle in Linde’s method 
for the liquefaction of gases is that of expansion without external work at low 
temperatures and high pressures, in which circumstances the Thomson-Joule 
effect becomes sufficient to produce a large lowering in the temperature. This 
method is combined with the use of counter-current interchangers. In the 
Linde-Frank-Caro process* for the separation of water-gas, worked by the 
G^. fiir Lindes Eistnaschinen, water-gas, having approximately the composition 
Hj 48-54 per cent., CO 42-44 per cent., CO.j 2-5 per cent., N.^ 3-5 per cent., 
with traces of other impurities, is first freed from its carbon dioxide by means of 
water under pressure, a final purification being effected by means of alkalis. It is 
then dried and passed into a sjrecial cooling apparatus. Most of the carbon 
monoxide is liquefied by passing the gas through a coil in a vessel containing 
liquid carbon monoxide already produced by the process. The liquid carbon 
monoxide thus,,formed is expanded and poured into this vessel. The hydrogen 
pa.sses on, and a further separation of carbon monoxide and nitrogen is effected 
by cooling the gas in boiling nitrogen. The separated hydrogen and carbon 
monoxide gases issuing from the apparatus pass through a counter-current inter¬ 
changer, and thus facilitate the cooling of the water gas which enters the apparatus 
through the interchanger. 

The hydrogen thus obtained is 97-97.5 per cent, pure, the impurities being 
carbon monoxide 1.7-2 per cent., nitrogen 1-1.8 per cent. Other impurities 
■are practically nil. The cost of production is ijd. per cubic metre. The gas may 
be further purified, at an additional cost of ^d. per cubic metre, by means of soda 
lime, which removes the whole of the remaining carbon monoxide, giving a product 
containing 99.2 99.4 per cent, hydrogen, the remainder being nitrogen. The 
gas is claimed to be tree from such impurities as would interfere with its use in 
aeronautics or in the synthesis of ammonia. Further, it is oittained under pressure, 
which is important for the latter process. The carbon monoxide obtained may be 
u.sed as a fuel. 

In Claude’s process for the separation of the constituents of water-gas by means 
of refrigeration (French Patents, 329,839, 1903; 469,854, 1913; English Patent, 
13,160, 1914) the main point is that cooling is efected by expansion of the 
hydrogen' with external work in a motor lubricated with light petroleum. 

See also Jaubert's auto-rombustion process under “ Special Methods ” below. 

- 3. By the Deoxidising Action of Carbon Monoxide.— Other processes 
for the manufacture of hydrogen from water-gas utilise the deoxidising action of 
carbon monoxide, in virtue of which the latter gas can be absorbed by suitable 
bodies and replaced by an equal volume of hydrogen. Thus the Chetni$che 
Fabtik Greisheim-Elektron have patented a process (English Patents, 2,523, 
1909, and 13,049, 1912) in which hydrogen is produced by means of the following 
reaction:— c. 

CafOHk -b CO = CaCO,, -I- H..,. 

The water-gas, together with steam, is passed over lime at a temperature'of 
about 500” C., which is below that of the dissociation of calcium carbonate. J^As 
3he process is exothermic, extraneous heating is not required once it is started, 
j per cent, of powdered iron is added as a catalyst. Calcium oxide is regenerated 
(from the carbonate produced. The cost of the hydrogen, containing as an impurity 
Ihet/iitrogen present in the water-gas, is stated to be about id. per cubic metre. It 
;iis probable that the reaction takes place in two stages, calcium formate being first 
produced (see below). La Soc. I’Air Liquide makes use of the same reaction 
mi connectiorf with Claude’s liquefaction process (French Patent, 453,187, 1912; 


' See Section IX. by Lieut. Dickson on “Tbe Liquefaction of Gases,” p. loi. 
VOL. I.—8 
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English Patent, 7,147, 1913; United States Patent, 1,135,355, 1915). (Sec also 
II. Strache, Uerman Patent, 253,705, 1910.) 

A number of patents btised on the reaction CO + H^O = CO.j + Ho have been 
taken out in recent years;— 

The Badische Anilin und Soda Fabrik (English Patents, 26,770,27,117, 
27,955- 1912; 8,864, 1913; 16,494, 1914; French Patent, 459,918, 1913) employ 
as catalysts finely divided iron ([irepared below 650” C.), nickel, or similar bodies. 
The gases are kejit under a pressure of 4 to 40 atmospheres, and the temperature, 
which is a factor of importani o, is maintained at about 4oo"-5oo° C. The 
requisite heat may be obtained by the admission of oxygen. 'I'he carbon dioxide 
is removed by absorption. In Oerman Patent, 279,582, 1913, they state that the 
addition of oxygen compounds of chromium, thorium, uranium, beryllium, antimony, 
etc., to the iron increases its reactivity as a cataly.st fsce also German Patent, 
282,849, 1913). Buchanan and Maxted (English Patent, 6,477, 1914) f>uggcst 
the use as a catalyst of iron-copper couple made by the reduction of copper nitrate 
by means of reduced iron (sec also English i'atent, 6,476, 1914). 

In ihi.s connection the formation of hydrogen as a by-product in the manufarlure of oxalates 
may l>e mentioned. Oxalatcv are now largely manufactured from formates, the latter being 
obtained by the action of carbon inonoxidc (producei-gas) on alkalis under prcs.iurc, thus: — 

KOil + CO = H.COtlK 

Pol foini.-Uc. 

('OOK 

211.('OOK - I +11. 

COOK 

Pot. OA.lI.ltC. 

(See United Slates I’alenl, 1,098,159, 1014: ,/. Badische AniJin und Soda Fabrik, Engli.h 
I’alenl, 1.759,1912.) A full de‘’cni>nim o( nianuiiirtiiie is i^ivcii in Martin's “Indusliial Chenuslry : 
Org.anic," |>|>, 309-370. 

4. By Electrolysis.— t\'hcii an electric current is passed through water 
conuining a small (|uantity of sulphuric acid or an alkali, the water is decom¬ 
posed into its elements, the oxygen being liberated at the .mode or positive pole, 
and the hydrogen escaping at the k.ithode or negative pole. 'J'he process is some¬ 
times called “ the elci trolysis of water,” but tbe esjiression i.s a misnomer, since 
the acid or alkali jiiays an essential part in the reaction, pure water being practi¬ 
cally a non-electrolyte and a non-conductor of electricity, 'i’he changes involved 
may be shown thus:— 

+ H- — 

Wiih sulphuric acid - II.,SO^ - H + II + 

\ " I 

At ihc kathode IJ i II -- 1 J._,. 


At the anode 
Wall cnuMic potash 
At the kadiodc 
vAi the anode 
With barium hydroxide 
At the kathode 


aso, + 2iri) - 2H.^S(), 4 Oo. 

K(HI ' k I- Oil. 

-I 

zK \ 2 \].p = 2 KOII I II... 

jOll f 2011 = 2H.,0 4 0... 

It - 

ba(UlI)„ - iJa + on + Olf. 

-t I 

Ba -t 2 ILO Ba(01I)o t Ik. 


At the anode - 2OH I 2OII - 2II0O I- (X. 

By using a platinum plate as kathode, and a platinum wire immeised in an amalgam of zinc 
and mercury (to absorl) the oxygen) as anode, very pure hydrogen may be obtained in the laboratory, 
especially if thoroughly purified barium hydroxide is used {Buktr, Jout >m/ of (he Chemiial SoiU^t 
Vob LXXXI., 1902, p. 400), 

Under manufacturing conditions, hydrogen produced by the electrolysis ol 
dilute sulphuric acid and alkalis usually contains oxygen (i-2 per cent^, an impurity 
liable to produce dangerous explosions in certain of the industrial applications ol 
hydrogen (e.g., the synthesis of ammonia). To obviate this, diaphragms are intro¬ 
duced between the electrodes, though this increases the electrical resistance of the 
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cells. If metallic diaphragms are employed they are pierced to allow the passagt 
of the ion.s. Alternatively, asbestos diaphragms may be used. In the Garuti and 
Pompili apparatus, used largely in Italy (English Patents, 23,663, 1896; 12,950, 
1900; 2,820, 1902; 27,249, 1903), the diaphragms consist of thin iron sheets, 
the perforations in which are covered both sides with a metallic net. More 
recent types of apparatus will be found described in French Patents, 397,319, 
1908; 459,967, T912; 461,981, 472,394, 463,507, > 9 ' 3 ; United States Patents, 
981,102, 1,003,456, 7,004,249, 1911; 1,035,060, 1912; 7,086,804, 1,087,937, 
1,094,728, 1914, etc. 

On electrolysing potassium chloride solution, caustic potash, chlorine, and 
hydrogen arc obtained. Thus:— 

KCl ^ K 1 Cl. 

At the kathode - - 2lv + 2ILO 2K(3I1 + II;. 

At the .ttKttle - - - Cl Cl — CC. 

Similar reactions take jilace in the case of .sodium chloride. Consequently enormous 
amounts of hydrogen are liberated in the manufacture of caustic alkalis by the 
electrolytic method (for particulars of which see Section XXXVI., p. 367 <•( sc</., 
titid, in Oermany especially, the manufacture of alkali by that itrocess i.s advan¬ 
tageously combined with that of chlorine and hydrogen, all of which are important 
articles of commerce. Crossley (/<’C. a/-) estimates that, in Germany, the electrical 
energy required for the process costs about |d. per cubic metre of hydrogen. 

5. By the Decomposition of Hydrocarbons.—Under certain conditions 
acetylene undergoes decomposition into its elements, thus : — 

C;H.. ^ 2C + II., + 47.8 cals., 

the reaction yielding not only hydrogen, but also carbon in a fine state of division, 
which may be used as pigment. The Carbooium Gesellschaft of Fredericks- 
haven produce the decomposition electrically, and the hydrogen thus obtained is 
used for filling /eiipelin dirigibles. Other hydrocarbons can be made to decompose 
into hydrogen and carbon, but as the reaction is usually endothermic so far as 
concerns hydrocarbons .available for industrial pur|)OSes, a constant supjily of energy 
is necessary. The re.action may be brought about by means of a very high tempera¬ 
ture, maintained by means of external heating, but methods based upon this fact 
suffer from the disadvantage of heavy wear and tear of the plant, occasioned by the 
liigh temperature needed. 

K. Le.^dng (Knglish Ikitent, 15,071, 1909) .sug(;est.s llmt hydrocarbon gases be decom|»sed in 
retorts at i,ooc ',300“ C., whilst K. I’. Pictet (lingli.sh Patent, 13,397, 1911) decomposes Ihe 
rapours obtained by the distillation of petroleum oils by heating them to 1,350“ C, In an earlier 
patent (ICnidish I'atent, 24,256, 1910; see also French Patent, 421,838, I9to; German Patent, 
-55>733> >912) the latter utilises the heat obtained by the decomposition of acetylent Since this 
Igcomposition is exothermic, once initiated it continues automatically, and the heat thus obtained 
:s used to decompose hydrocaihons (e.g., benzene) who.se decomposition is cndolhcriiiic. The 
'caction is carried out by passing a mixture of acetylene with the other hydrocarbon through a 
londuit, the lempcralurc of which is maintained at 500' C., at a pressure slightly above llie normal. 


The vapours of hydrocarbons {e.g., petroleum, benzene, etc.) may also be 
decompo.scd by the action of steam at a high temperature, when hydrogen and 
:a,bon monoxide .are obtained (Pictet, English patent, 14,703, 1911; United 
states Patent, 1,134,416, 1913). The Badische AniUn und Soda Fabrik 
'French Patent, 463,114, 1913; English Patent, r2,978, 1913; United States 
Patent, 1,128,804, 7915) p.ass a mixture of hydrocarbons and steam over an 
nactive, refractory oxide, such as magnesia, covered with nickel oxide, or some 
3ther suitable catalyst, at a temperature of 8oo”-i,ooo° C. The re.siilting hydrogen 
s suitable for the production of ammonia after being freed from oxides of carbon. 

Coke may also be used for the decomposition of hydrocarbons. Thus the Berlin Anhaltiacbe 
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Llaschinenban A.-G. (German Patent, 267,944, 1913: French Patent, 466,040, 1913; English 
Patent, 2,054, 1914) obtain gases suitable for heating or lighting, and, under suitable conditions, 
hydrogen, by passing vaporised petroleum oils over incandescent coke, whilst C. Ellit (United States 
Patent, 1.092,903, 1914) treats eoke, rendered white hot by an air blast, with heavy petroleum oil. 
The gas produced during the blowing period, and the hydrogen formed during the gassing stage, 
are removed by means of steam passed over, but not through, the bed of coke. 


6. By the Action of Acids on Metals.— Certain acids, e.g., dilute sulphuric 
and hydrochloric acids, readily generate hydrogen by their action on certain metals, 
for instance iron, zinc, and magnesium. Thus;— 

Fe + II.,SO, -- FeSO, H 11.. 

Zn + 2HCI = ZnCI., + H ~ 

Mg + IPSO, = Mg.SO, + 11,. 

These method.s are employed in the laboratory to prepare hydrogen. The last is used when a 
very pure gas is required. The earliest industrial methods of manufacturing hydrogen made use 
of the action of sulphuric acid on such met.ils as scrap iron, ainc (bstillatioa residues, etc., and a 
very large number of latentshave lieen taken out (e.g., English Patents, 16,277, '896: I5i509i 25,084, 
1897; 17,516, 1898; 6,075, i8i 930, 1905: 21,440, 1906); but such processes an-now poictically 
olisolete owing to the enormous cpiantily of material requisite. Thus, a.s Crossley points out 
(/«■. (7/.), a small military airship of 250,000 cub. ft. capacity would necessitate the use of 18 tons 
of iron and 31 tons of sulphuric acid to inflate it. 

(cy. also English Patent, 5,577, 1911, G. Watinschaff and J. Savelsberg, hydrogen and zme 
oxide obtained by the action of zinc chloride solultons on waste zinc.) 

7. By the Action of Alkalis on Metals.— Certain metals, eg., aluminium 
and zinc, have the power of liberating hydrogen from solutions of the caustic 
alkalis, thus:— 

2.M + 6K01I AL(OK)s + ?1I,. 

Zn I 2K.OII = Zn(OK), -I 11,. 

Very pure hydrogen may be obtained in the laboratory by eidier of these 
processes. In the case of aluminium the evolution of hydrogen is very rapid. 
(Cf. Uyeno’S patent above.) 

Silicon behaves similarly with caustic alkalis, and G. F. Jaubert (French Patent, 454,616, I9>2 ! 
English Patent, 7,494, 1913) pioposcs to obtain hydrogen by the interaction of powdered silicon, 
aluminium, or their alloys, with an emulsion of a 'concentrated solution of caustic soda or potash 
with a iion'Sa[M>nifiablc oil or grc.ise, such as parattiii. See also English Patent, 17,589, 19*G and 
the same author’s “ Ilydrogenile" process dealt with in “Special Methods” below. 

8. Special Methods.—Jaubert has patented several ingenious processes by 
which hydrogen may he very rapidly and easily generated for military purposes. 
In French Patent, 327,878, 1902, he describes the preparation of calcium hydride. 
The hydrogen which is evolved as a by product in many processes, such as the 
electrolytic production of soda (see above), is freed from oxygen, dried, and 
passed over pieces of calcium healed in an iron tube in an electric furnace. 
When brought into contact with water the calcium hydride thus obtained evolves 
hydrogen with violence, thus : — 

Ca I IL = CulE. 

Call, + 2H,() - Ca(Oll), I 2II,,. 

The 90 [ler cent, pure calcium hydride prepared by the above method is known 
as “Hydrolith.” One kg. of it yields i cub. m. of hydrogen, the evolution of the 
gas being so rapid that an average sized dirigible can be filled in about four hours. 
It is a very expensive methwd of generating hydrogen, but on account of its 
extreme rapidity has been adopted by the French army, and, as Fourniols 
{loc. cit.) points out, the saving in the cost of transport effected by using “ hydrolith ” 
in place of cylinders of hydrogen more than compensates for the expense ofthis 
material. See also English Patent, 25,215, i 9 ° 7 - 

Jaubert has also patented mixtures which, when heated at one point, react 
violently in a manner like “ Thermit ” with the evolution of hydrogen. 

“ Hydrogenite," for example, consists of five p^s of ferro-silicon, containing 
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90-95 |)er cent, of silicon, twelve parts of caustic soda, and four parts of slacked 
lime. It may be ignited by means of a hot iron ball, in a special apparatus, afld 
I kg. yields about 320 litres of hydrogen (English Patent, 153, 1911). 

jaubert’S auto-combustion methods are also of interest (French Patents, 427,191, 
1910; 438,021, 1911 ; English Patents, 9,623, 1911; 5,005, 1912; United States 
Patent, 1,099,446, 1914). According to the first, a mixture consisting of a com¬ 
bustible body able to decompose water at a high tem|)erature, and an oxidising 
agent able to supiiort its combustion, is kindled in a closed vessel in the presence 
of water. The latter may be obtained by introducing a hydrated body which 
will give up its water at the temperature of the reaction. Suitable mixtures, for 
instance, may be made from iron filings, potassium perchlorate, and slacked lime, 
or from ferro-silicon, litharge, and soda lime. In the second method, water (in 
the form of steam) is the only oxidant, and a highly heated metal, metalloid, or 
alloy, preferably ferro-silicon, is used as a combustible, the reaction being started 
in a closed vessel with a pinch of gunpowder. 

Teissier and Chaillau (French I’atcnl, 447,688, 1912) suggest llic manufacture of hydrogen by 
passing steam under pressure over a mixture of barium sulphide and manganous oxide. The 
resulting mass of liarium sulphate and manganous oxide is converted into a mixture of barium 
siilpliiile and manganese dioxide liy the action of a red lieat, from wliicli the mixture of barium 
sulpliide and manganous oxide is regenerated by tlie action of a white heat. Thus;— 

HaS -I- 4MnO -I 4H/) = l)a.SO, -I- 4MnO -I- 4II;. 
llaSOj 4 4\Inn ^ liaS -I- 4MnO.. 

HaS I 4MnOj ^ lia.S -I- 4MnO -I- 2 (F. 


l.NDUSTKIAL USh:S OF IIYDROGF.N 

Hydrogen has recently assumed great industri.<il importance, chiefly owing to 
the creation of two entirely new industries—the synthetic production of ammonia, 
and tilt hydrogenation of fats. Aeronautics are responsible for another demand, 
and hydrogen finds some other important and useful applications. 

I. Use as a Combustible. -—M'ater-gas consists of hydrogen mixed with 
carht n monoxide, and semi-water-gas also contains hydrogen. Both of these are very 
important fuels (see the present writer’s article on “ Producer-Uas ” in this volume). 
When hydrogen, undiluted with other gases, is burned with oxygen, a temperature 
as high as 2.800” C. can be reached. 

Tlie oxy-hydrogen flame has one application in the production of the Drummond 
limelight. The hot flame, impinging on a cylinder of burnt lime, heats it to incan¬ 
descence, and produces a dazzling white light. The effect is almost equal to that 
of the electric arc. The flame has other applications, namely, for fusing and 
welding platinum, in working fused quartz, and in the production of autogenous 
joints in lead and other metals. .Such joints, that is to say, those formed by melting 
the metal itself for the purpose of welding, are found to be more durable than 
soldeied joints. ' 

The usual form of blow-pipe consists of a nozzle, fed by two tubes, fitted with stop-cocks. One 
tube leads from a hydrogen-generator or cylinder, the other run.-, to a tiellows, or may lie fed with 
oxygen, the best proportion of the gases being one volume of oxygen to four volume.s of hydrogen. 
The oxy-acetylene flame, however, is now replacing the oxy-hydrogen flame, owing to the higher 
temperature produced by the former, and to the fact that less gas is required. 


2 . Use as an Inert Atmosphere.— HyTdrogen, purified from traces of 
oxygen by passage over heated copper, may be used in certain processes which 
require an atmosphere free from oxygen, such as in the manufacture of tungsten 
filaments for dlectric lamps. These filaments have to be heated to a high tempera¬ 
ture, when they are very sensitive to the action of oxygen. . An atmosphere con¬ 
sisting of equal parts of hydrogen and nitrogen is usually employed. 

3 - Use in Aeronautics.— Owing to its extreme lightness, hydrogen is 
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superior to all other gases for balloons and dirigibles. 7 'he gas must be dried 
aiW freed frail compounds of arsenic and phosphorus, as these latter are liable 
to produrc arsenic and phosphoric acids, which may corrode the fabric of the 
balloon with disastrous results. 

'I'he lifting power of hydrogen prepared from zinc and suljihuric acid, and dried 
with lime, is given by Walker (“Aerial Navigation,” 1902) at 68.5 lbs. per 
1,000 cub. ft., whilst Baden Powell (paper read before The Royal United Service 
Institution, 1893) puts the figure at 60 70 lbs. 

Specially raiiid methods of preparing hydrogen for military purpo.ses have been 
dealt with above. 

4. Use for the Synthesis of Ammonia.— Ammonia is now largely 
manufactured synthetically from its elements (N. +3H.j = 2NH3), which combine 
together with ease at high pressures and temperatures (soo”-6oo' C.), in the 
presence of suitable catalysts, such as uranium containing uranium carbide, A full 
description of the processes is given in Section XLVIII., p. 469. 

5. Use for the Hydrogenation of Fats.— Under suitable conditions 
hydrogen will combine with un.saturated org.anic comixmnds, thus:— 

('„iUo., + It., - 
(OJcii atul.) (Sicark acid.) 

The saturated fatty acids and their glycerides have higher melting points than 
the corresponding unsaturated compounds, so that by this means various soft 
oils and fats, such as whale-oil, fish-oil, linseed-oil, etc., may be hardened, and 
their commercial value correspondingly increased Moreover, the colour of such 
saturated fats and oils is rendered lighter by the process, and their characteiistic 
odours and taste.s are destroyed. The high melting-point products can be used for 
candle-making, soap-making, and in the manufacture of edible fats, etc. Conse- 
qucntly, enormous amounts of hydrogen are now used for the hardening of fats 
and oils. Full details of the processes are given in Martin’s “ Industrial Chemistry: 
Organic,” p. toon e! seq. 

In order to carry out the reaction satisfactorily, attention must be paid to the temperature, and 
means must be taken to ensure intimate mixing of tlie oil and the hydrogen gas, ptcfeiably by 
spraying the oil into an atmosphere of hydrogen undei ])ressurc. The reaction takes place only in 
the presence of a suitable catalyst such as palladium, reriuced nickel (|)rcpared at a low temperatuie), 
or nickel oxide. The hydrogen must be free from impurities, sulphur truing especially deleterious. 
The reaction is in riiany ways a mysterious one, and seems lo be extreiiiely sensitive to small 
details. (See English Patents, 1,515, 1905; 2,520. 13,042, 1907: tj,ii2, 1908; 3,752, 7,726, 
18,969, 29,612. 30,014, 30,282, 1916: 8,147, I'5,439,'15,440. 1911; 72, 4,702, 51773, 18,282, 
18,310, 18,998, 23,377, 23,643, 28,754, 1912; and “Reports on Patent Cases,” 1915, Vol, X.\.\., 
p. 297; United States Patents, 1,004,034, 1,004,035, 1911; 1,026,156, 1,040,5'!!, 1,040,532, 
1,043,912, 1912; 1,058,738, 1,059,720, 1,060,67), 1913, etc,) 
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PRODUCER-GAS 


By H. Stanley Reugrove, B.Sc. (Bond.), I'.r.S. 
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L, I/>ndon. Second Edition, 1911. 

“ Motul Gas foi I'ower and llealing,” and othei {ximphlcls puhhdied l>y The Power Gas 
Corporation Ltd., Stockton-on Tees, aKo article in Chemua^ IVotUi, London, 1912, 
Vol. I., p. 235. 

T. F. E. Khkaii and K. Wiikij t.k.--Papers on the comlmstion of carbon, 

of fhe Chcmual Sonoty (Z'/w/wtiMv/f), London, IQIO, Vol. XCVIL, p. 2178; 191I, 
Vol. XCIX., p. 1140; 1912. Vol. CL, pp. 831, 846. 

W. A. PoM and k. V. Wiikkii-.k.—P apers on producer-gas in Journal of the bon 
and S/eel Initilufe, London, 1907, \‘ol. LXXIII., p. 12C; 1^8, Vol. LXXVIIL, 
p. 206. 

O. ilAHN.—Papers on the reaction ('Ot II./)-CO.j; I IL \\\ hri/f fur phydl-ahake 
Chemie, Leipzig, 1903, Vol. XIAL, j). 705; Vol. XLIV., p. 513; 1904, Vol. 

xLvni.. p. 735. 


CARBON MONOXIDE 

The term “ producer-gas ” is applied to any gaseous fuel obtained from solid 
fuel in a “gas producer,” in which the solid fuel is, as far as possible, completely 
consumed by means of partial oxidation, so as to give a combustible gas and 
leave no combustible residue. In actual practice the oxygen required for the ^ 

combustion of the solid fuel in making producet-gas is obtained either from the 
air, from water, or (more frequently) from both sources. Hence tliree main 
varieties of producer-gas may be distinguished —air-gaS, water-gas, and 
seini-water%as —and as the essential component of each of these gases is 
carbon monoxide (or carbonic oxide), CO, some information may first be given 
concerning this gas. 

Carbon Monoxide is obtained when carbon, or carbonaceous material, is 
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bjiint in a supply of oxigen or air insufficient to convert it into the dioxide 
according to‘the equation— 

aC + Oj, = 2CO. 

The reaction is very fre<iuently considered to take place in two stages, l-'ir.^tly, according to 
•his view, part of the carlwn is converted into the dioxide, which then reacts with the remaining 
carbon to produce the monoxide, thus:— 

C + ().. = CO.,, 

CO., + C = 2CO. 

On the other hand, Dixon • has found that small quantities of the monoxide are produced 
liy the action of oxygen on carlxin at 500“ C., wheieas the reduction of carbon dioxide by carbon does 
not appear to take place below 600" C. Further, Baker" has found that perfectly dry oxjgen will 
combine with carbon only with diHicidty, and that the chief product is then the monoxide. Possibly 
both reactions take place simultaneously lictween carbon and oxygen, as indicated by the more 
recent work of Rhead and Wheeler. At any rate a state of equilibrium is established through the 
reversible reaction— 

C 0 „ I C 2CO. 

This reaction has been fully studied by Rhead and Wheeler, who found, in accordance with 
Le Chatelier's theorem, that— 

—+ 1 <>S, I’ + log,, 1 ^,' = a constant,’ 

where T is the temperature, P the pressure, C, the concentration of CO, and (',. the concentration 
of COn- This formula shows that Imth increase in temperature and decrea.se in pressure favour 
the formation of the monoxide, which is only to lie exiiected from the fact that the reduction of 
carbon dioxide by caibon is accomiianicd by the absorption of 39 cals, per gram-molecule of dioxide. 

Carbon motioxidc is a coloiirle.s.s, ta.slelfss, ami almost inodorous gas.'* It is 
almost insoluble in wuttr, but is readily absorbed by an acid or ammoniacal 
solution of cuprous chloride. 

Carbon monoxide readily burns in oxygen or air with a lambent blue flame, 
forming the dioxide. A trace of moisture, however, must be present, such as is 
always the case with ordinary air, otherwise combustion will not take place. On 
combustion, carbon monoxide liberates heat amounting to 68 cals, jter gram- 
molecule. The formation of carbon monoxide from carbon is also exothermic 
heat-producing), the heat liberated being 29 cals. ])er gram-molecule. The 
following thermic etjuations may, therefore, be written— 

2C t Oo - 2('0 I jS caK. 

2(.'0 t O.j = 2('t).j I 136 cals. 

and for complete combustion— 

C -I- O. = Cfb I 97 cals. 

It is obvious, therefore, that in the conversion of carbon into carbon monoxide 
about 30 per cent, of the heat obtainable by complete combustion is evolved. 
Thus, for I of carbon the theoretical yields are as under— 

C CO - COo. 

Weight, I 1 !>. 2i Ills. 3- lbs. 

Heat, —>• 1,096 cals. —> 2,571 cals. 

Total —^ 3,667 cals. 

Caiboii monoxide is a very )X)isonous gas, even the presence of very small (quantities in the air 
giving rise to unpleasant and dangerous symptoms. These effects are due to the fact that the 
carbon monoxide combines with the ha-hioglobin of the blood. Traces of the gas may j>e detected 


' Journal of the Chcmual Sodety {Trania(iioui>\ 1899, Vol. l.X.W., p. 630. 

Philosophical 7 ramciitwns of the Royal Soiiety\ J888, Vol. CLXXIX. (A), j). 571. 

* A slight increase in the value of the constant was noted with ribe in the temperature, and 
accounted for on theoretical grounds. See the reference given under “ Liteiature.” 

^ Generally said to be odourless, but see Roscoe and Schorlemmer’s statement in their 
“ A Treatise on Chemistry,” Vol. I. 
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hy shaking the suspected air (after freeing, if present, from ammonia and sulphuretted hydrogen) 
■with a solution of palladium chloride. 0.05 per cent, of the gas is sufficient to produfe a precipitat*. 
Cases of carbon monoxide poisoning should be treated by removing the patient into warm, fresh 
air, application of warmth, artificial respiration, and the adminhstration of oxygen. Medical aid 
should be called in at once. 


AIR-GAS 

The following general description of a “gas-producer” is quoted from Bone:— 
'‘A modern gas-producer consists of a cylindrical furnace, 6-12 ft. internal 



diameter, and 10-15 ft- ft'ghi lined with fire-brick with an outer mild steel 
casing, and usually water-sealed at the bottom. Means are provided (1) for the 
introduction of the blast through .some form of grate or twyer fixed immediately 
itbove the level of the water in the seal, and its regular distribution through the 
bed of incandescent fuel (usually 3-5 ft. in thicknes.s) which rests upon a lower 
bed of ashes; and (2) for the charging in of the raw fuel through (usually) some 
Iprm of bell hopper fixed centrally on the top of the producer, round which are 
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arranged a number of equidistant poking holes closed by iron balls. The gas outlet 
is fixed near,the top of the cylindrical furnace.” ' (See Fig. i.) 

When such an aiiparatus having, however, a solid, not water-sealed bottom, is 
charged with any carbonaceous fuel {e.g., coal or coke) and worked with an air 
blast only, the resulting gaseous fuel is known as “ air-gaS.” - 'I'he amount of 
air .supplied must not, of course, be sufficient to oxidise the fuel to the fullest 
extent, since what is aimed at is the production of the maximum amount of carbon 
monoxide and the minimum amount of dioxide. The air, meeting with the hot 
fuel at the bottom of the grate, may be considered to oxidise it mainly to carbon 
dioxide, but this, ixissing through the higher layers of hot fuel, is reduced to the 
monoxide. Thus in Fig. 2, which is a diagrammatic sketch of a producer, the hot 
air, entering at K, and passing through the fire-bars, burns mainly to carbon dioxide 
in the lower part of the furnace. 'I'hen, passing through the upper layers of red- 
hot fuel, it takes up more carbon and is reduced to the monoxide. The resulting 
air-gas [lasses through the exit c. A is the charging-hopper for the fuel, .s s s are 
holes for poking, etc., and i) is a door for cleaning the fire-bars. 


From what has l)een said above, it follows that two things are necessary to the production of 
a good air-gas (i) The fuel mu'*! be stacked high ; and (2) the temperature of ihe fuel must be 

kept high, since, in agreement with the results of Rhead and 
Wheeler's experiments already quoted, the reversible reaction, 
COo i C—J- 2 C 0 , 

takes place more rapidly in the ilirection of the arrow at 
high temperatures. Expeiimcnts carried out by Rhead and 
Wheeler, in which the carbfm dioxide employed was diluted 
with nitrogen so as to approximate to the actual conditions, 
holding m the manufaciure of air-gas, show that “ a tempera¬ 
ture of over 1,100 (\ must prevail in the fuel bed il the 
fairly complete reduction of carbon dioxide desiicd is to be 
o'otained.’' Owing to the high temperatuu- needed, it is 
necessary to lake precautions against chnkering iroubles 
These may be overcome by the addition of limestone to 
the fuel. This device is emphiyed in the Thwaite cupola 
producer ’ (Fig. 5). The limestone forms a liquid slag which 
K Upped at inlcr\als. 

It will l>e .seen fnmi the eijuutions given under “carbon 
monoxide” that in the production ol air-gas, nearly one- 
third of the tola! heat availalde from the fuel is converted 
into sensible heal. When the gas is to be burned in large 
furnaces, for which pur])0Ne preliminary cleaning is not 
necessary, most of tins sensible he.U may be utilised if the 
gas has only to travel a short distance to the furnace. 
Otherwise the sensible heat of the gas ma\ be cmploycii, by 
a sy.slcm of regeneration, to heal the air with which it is to be burne<l; or it may be used for 
other purpo.sos, according to the nature of the industry using the gas plant—the effecting of 
evaporation and the working of sulphur dioxide engines may be mentioned as two cases in jioint. 



I'li. 


—Section thmugh ; 
I’ri'duccr. 


{ll'it/t fient/iiSton of 
Longvtans, iirccH » 5 h t'o.) 


Tile composition of air-gas will, of course, largely depend upon the nature of 
the fuel used. The ideal gas obtained from pure air and pure carbon would 
consist by volume of 34.7 per cent, carbon monoxide and 65.3 ()er cent, nitrogen.'' 
In actual practice, however, it is not possible to avoid a small [lerccntage of carbon 
dioxide, and when coal (not coke) is used as the solid fuel, a small amount of 
methane (which is, howc'.er, valuable as a fuel) is always jiresent owing to the 
distillation of the coal of the top layers in the producer. 


The following may be given a'^ two typical analyses. No. i refers to air-gas made in a 


’ Art. “Fuel” in Thf»ipc's “A Diclionar) of Apj)lied Chemistry.*’ (t^)uo(ed by permission of 
the publishers, hfessrs Longmans, (Irecn vK: (’o.) 

- The name “ air-gas” is also sometimes used for air charged with the vapour of a light hydro¬ 
carbon, pentane, which has a limited use both as an illuminant and as i fuel. (See Mr 
Dancastcr’s article on“Tlie Illuminating Gas IndU'^lry” in Martin's “Industrial Chemistry: 
Organic.” 

^ English P.atcnt, 16,986, 1902. 

Here, as elsewhere, by “ nitiogen ” i-. meant “ nitrogen including argon, etc.” 
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rhwaite i>roduccr from Lanc.i'^hirc slack coal, and is given !>y Bone. No. 2 refers to air-g.as 
nade from coke m a small Dowson plant, and is from Dowson ami Larter's work referred 10 
nuler “ Tatcratuie.” 



Nu. I. 

No. 2. 

_ 1 


Per ciii. 

Pi.'i Cent 

('.iibon monoside 

2q 0 

32 .(> 

Hydrogen 

5-,55 

I.O 

tl ethane 

2.05 


Total coinhiiaiihle ga^es - 

- 36.4 

- . U-O 

C-urbon dioxide ... 

2.0 

J-4 

Nitrogen • .... 

61.6 

65.0 

Total incomhustdile gases 

-- ■ 6.i.C 

— 6(^4 

Cal(»rific power, IkT. U. per cubic fool 

130.S-13S.7 ' 

114.5-115.0 

— -- .. __ 

_ _ . 



WATER-GAS 

In the manufacture of water-gas, the oxygen * needed for tlic combustion of 


' These are what are teimed respectively the “net” and “gross” calorific powers. The 
‘ gross ” value gives the amount of heal ohtained when lire products of combustion arc cooled, 
■0 that liquid water is ohtained ; the “net” value gives the amount of heat obtained when (as in 
nost cases of actual us;ige) the water is reckoned to he present wholly as steam. The percentages 
n these and following analyses refer to the volumes of the gascs. 
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the solid fuel is obtained, not from the air, but from stcsni' Steam reacts 
^ith carbon'according to one or other of the following equations:— 

C + II.,() = H.. + CO. 

C + 2HjO = 2H.. h COo. 

It is a matter <if uncertainty which reaction takes place first: perhaps both carbon niorioxitle 
and carlron dioxide arc formed simultaneously, as in the simple combustion of carbon. But in any 
case a final condition of c(|uilihrium i.s reached through the icversible reaction :— 

CO f II..0 CO,. + 11,,. 

Both of the former leaction.s are strongly endothermic : the first absorbing about 29 cals, per gram- 
molecule of carbon, whilst the second requires about 19 cals. It is obvious, therefore, that these 
reactions will only take place when heat is supplied from without, and since it follows that 

CO., -f II, = CO H ICO' ■- locals., 

it is obvious that high temperatures will favour the occurrence of the first reaction. These con¬ 
clusions arc borne out by cx[ieriment. The following results, due to Dr Bunte, are quoted from 
Robinson’s work referred to under “ Literature” (p. 119):— 

Table snowiNt: the Action ok Steam on Carbon (Bunte). 


'1 eiiipcrattire in 

! Per CtnI. of Steam 

( oiniKisiiion, l>v Voliinii, of 

1 fcgrecs C'. 

1 t>cconijio*-c.d. 


Gab Produced. 



H... 

CO. 

cov. 

674 

8.8 

65.2 

4-9 

29.8 

75 h 


651.2 

. 7-8 

27.0 

8)8 

41.0 

(11.9 

151 1 

22.9 

<»S 4 

70.2 

.s.t-.t 

39-3 

6.8 

UOIO 

94.0 

4S.8 

49-7 

1-5 

1,060 

O.i-o 

.so. 7 

48.0 

1-3 

1,125 

99-4 

50-9 

48.5 

0.6 


Hahn has more recently studied ihe reversible reaction, 

CO -K ll .,0 _^ CO_, + IL -f 10 cals., 

and has found, in agreement with the law of mass-action, that the ratio, (where the 

symbols stand for the concentration of the gases present), is constant for any given temperature; 
and further, in .accordance with the above conclusion, that the value of the constant increases 
with a rise in the temperature, from 0.81 at 786° C. to 2.49 at 1,405" C. 

In order, therefore, to prevent the formation of more than a negligible proportion 
of carbon dioxide in the manufacture of water-ga.s, the reacting materials should be 
maintained at a temperature not below 1,000" C. In actual practice it has been 
found altogether unsatisfactory to sujiply the heat necessary to maintain this 
temperature by any system of external heating, owing to the loss of heat in trans¬ 
mission from without to within the jiroduccr. This method was at first attempted, 
but now the necessary heat is invariably obtained by combustion in air of part of 
the solid fuel employed. The process is intermittent ; and in the earlier forms of 
it air-gas is produced alternatively with water-gas in the following manner:—The 
producer must be supplied with two outlets. First of all air is blown in, which 
produces air-gas and heats the <uel to the requisite temperature. This is known 
as the “ hot-blow,” “ air-blow,” or simply as the “ blow,” and lasts about ten minutes. 
The air-gas is taken off from one outlet, and is used to produce steam for the “ cold- 
blow,” " steam-blow,” or “ run,” lasting about four minutes. Water-gas is meanwhile 


' In this, as in all other thermo-chemical equations which follow in which water figures, the 
water is .assumed to be in the state of vapour. 
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Uken oif at the other outlet. When the temperature has fallen below that at which 
ithe reaction can be advantageously carried out, the steam is cut off and air is agaift 
blown in to heat the fuel. However, the production of air-gas during the “ blow ”■ 
has now been given up, in preference to plants in which the whole of the heat 
obtainable from a portion of the fuel is used to produce the desired temperature. 
This has led to a great reduction in the time of the “blow.” 

In Messrs Dellwik and Fleischer's water-gas producer,^ the layer of fuel is less deep than in 
the older forms. The ol)ject of this is that during the “ blow ” th.'it portion of the fuel consumed is. 
burnt completely to carbon dioxide. By this means the requisite temperature is obtained far more 
(juickly—the blow lasts only about one minute—and at the expense of less fuel. The ap|>aratus is- 
shown diagramuiatically in Fig. 4. Of course, when c.iri)on dioxide instead of air-gas results from 



the “blow, ’ extra fuel must be burnt to produce the steam retjuired for the “run,” but it is found 
that the.e is a considerable saving in fuel on the whole, as well as a considerable saving of lime. 

In order to render the production of gas continuous, plants have been deviled in which two 
producers arc worked together, one being “ blown,” whilst the other is “ run,” and \ice versa. 

“a is the generator provided with a coal receptacle b ... of cast iron; this coal receptacle 
passes through a stuffing box i) placetl on the cover or top of the generator. Under the grating 
IS arranged the main air inlet 1., and the gas outlet i, and steam inlet s'. The generator is also 
provided with cleaning doors h and n'. In the up|)er i^art there is an outlet pipe K, for the 
combustion products, which pipe is closed during the period of the production of water-gas by 
the valve or cover v. i' is an outlet for water-ga.s and .s is a second steam inlet. The coal 
receptacle it is charged with coal, coke, or other suitable fuel, and then closed by the door or 
cover c. The air inlet is arranged under the grate anfl preferably continued into the layers of 
fuel by an appropriate pipe c, provided with numerous air nozzles or apertures, so that a thorough 
contact of the air with the whole mass of fuel is obtained. When the proper height of a given 
description of ^el for a given amount of air pressure has been determined by testing bv means of 
the adjustable receptacle b shown in the figure, the cast-iron receptacle is advantageously replaced 
by one made of fire-bricks.” 


^ English Patent, 29,863, 1896. 
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Ideal water-gas should consist of 50 per cent, of carbon monoxide and 50 per 
cent, of hydr^ogen by volume, but in actual practice, of course, small amounts of 
carbon dioxide and nitrogen cannot be avoided. 

The followinjf niity he given as typical analyses No. I relers to walcr-gns made at Kssen from 
ctike by the older process in which air-gas is produced during the “blow,” and i.s taken from 
Fischer’s “Handlmch dcr Chemischen Technok^ic” (15th ed.), Vol. I., p. 50. No. 2 refers to 
water-gas made in the improved plant of Dellw^ and Fleischer. The two samples differ in 
com{)ositi(»n very ‘.lightly fitun one another. 



No. I. 

No. 2. 

Carbon monoxide 

Hydrogen 

Methane 

Total combustililc gases 

Per Cent. 

44.0 

48 () 

0.4 

- — 03.0 

Per Cent. 

43-0 

40.0 

• - 92.5 

Carbon dioxide • 

Nitrogen 

Total incombustible ga^.C'. 

.v 7 

— 7 0 

4.0 

.b 5 

- - 7.5 

Caloiific p<>wcr. 15 T. 1 '. per cubic foot - 

-'IS .S 5 

2 () 0-340 

.sI':mi-w.\tkk-g.a.s 



Senii-walcr-gas ib jiroduccd by blowing siniullatieously steam and air through 
red-hot coke or other carbonaceous material, and is by far the most important type 
of producer gas, so much so that it is frequently meant when the term “producer 
gas’’ is employed without further (jualificalion. 

It wa-x pfunted out under “Air-das” that in nianufacluring tins fioni carhonaceou.-. fuel, about 30 
per cent, of the available lical was converted into sensible iieat. Thi';, ol course, is a source of 
waste, though, as already jiomted out, a good deal of this heat may be utilise*! by means of variou.s 
devices. Now if steam is jias^ed through the fuel in the producer as well, it is olivious that one 
or oilier of the t iKlothermic reatlions between it and carlion, 

(■ + -- CO + II. - 20 cals. 

(' -fzILO - C'(b + 2H« lyrals., 

will take place at the expense *>f this sensible heat. In other woids, one or other oi these reactions 
will convert the sensible heat into potential chemica! energy, winch will lie obtainable again as 
.sensible heat by combustion of the resulting gaseous fiu l. The exact order in which the various 
reactiims l)etween the carb«>n, oxygen, and water take place is raihei uncertain, but in any ca.se a 
comlition of cquililirmni is obtained through the two rcvei.sible icactions dealt with under 
“ Carbon Monoxide ” and “ Water-Gas” respeclivelv, namely — 

C 2CO - 39 cabs., 

ami CO ^ H.,() CO., -f IC lo <aK. 

And the result is the same as if one or other of the above reactions look place between carbon and 
steam concomilanlly wiili the comhuslion of another portion of the carhon m the air to carbon 
monoxi<le, ;.r., 

2C -f O, ^ 2(;0 I 58caK. 

Ily adjusting the ratio between the amouftls of steam and air, it ought to be possible to absorb all 
llie heat given out by this last reaction, by that between the steam and the cailxm. And for this 
purpose the two forms of thi.s reaction arc almost as good as one another, since that in which 
carU.»n dioxide is produced give.s an addiliimal amount c*f hydrogen, with a heal^of combustion 
but little less than that of tlie carbon monoxide otherwise formed (58 cals, net per gram-molecule 
in the first case, to 68 cals, in the .second), though the formation of carljcm dioxide serve.s to dilute 
the gas somewhat, giving a larger volume of gas, but decreasing the calorific power of ct given 
volume. But, c»f course, this is not actually possible, since there is a temperature below which the 
reactions will not lake place at all, and to maintain this it is ncce.ssary that the sum total of the 



PRODUCER-GAS 


127 


reactions should he exothermic. Moreover, in actual practice an additional amount of carl»on 
dioxide is always produced. liut an approximation to tnc ideal condition of ihingsJis made, and’ 
the aildilion of the steam lilast to the air blast increases the economy of production enormously, and 
‘yields a gas at a less high temperature than with air blast alone, and of a considerably increased 
calorific power. When it is necessary to cool the gas for use in gas engines), its sensible 
heat may be used, by a system of regeneration, to heat the air l>!a.st. 

'I'he extent to which the reactions, 

C -t- 11 /^ CO + JC, 
and C c 211.0 = CO.^, + 2IL, 

tabc place depends upon the ratio of the slcani blast to the air bhast. For furnace purposes the 
hydrogen content of the gas should not exceed 14 per cent., hence it is desirable that ihe first and 
not the second of these reactions should occur. On the other hand, this is not of impoiiance if the 
giii) IS to be employed for power purposes; and by the U'C of an excess of steam, in which ca'-e 
tlie second rather than the first of these reactions takes place, it is posdble to recover, in the manner 
(Icscrilied below, much of the niliogcn of the fuel as ammonia. 

Ideal producer-gas made by the reactions— 

2C f Oj - 2('0, 
and C -f 11 ./)^ - CO ! JI,, 

would ha\e a composition by volume of (' 0 , 39.9 per cent.; H.., 17.0 ])er cent.; 
and No, 43.1 jar cent. : whereas tltat made by the reactions— 

2C i o, - 2CO, 

and C + 2ll_.0' — C'Oj •+■ 2il_;, 

would iiave a composition by volume of (' 0 , 19.8 j)er rent.; H.„ 28.7 per cent.; 
14.4 jicr cent. : and No, 37.1 |»er cent. 

The following typical analyses by Sexton of various sam])hs of producer-gas show an 
upproximr.iiun to the hrsi of these ideal gases, excejit No. 4, winch appr(’xin.ates to that of 
the SvC(.nd i\pe; hut in eveiy case, as might he exjiected, the niiK^en content is much in excess 
*>l the iheore'ical. 


.‘\nAIV.SIs Of ShMI-\VATKR-G \S (ScXtOP) 



Nfi. 1 1 

1 

No 1 

1 1 

j -N- i. 

No. 4 . 

1 

No. j. 


)’ii C'ttii 

i’tr ( fill. 

fci (’em. 

Per ( ciil. 

Per Ccni. 

('.iihon monoxide 

24.40 

20.40 I 

27.00 

16.!^ 

20.40 

lIy<irogen 

S.60 

12-13 

lo.OO . 

10.43 

12.60 

Methane, etc. ■ 

2.40 

2.00 1 

I.2S 1 

2.66 

. 3 -.SO 

('aibon dioxide 

5.20 

9.16 

4-50 

11 - 5,3 

5.50 

Ni r<ig( n - 

5940 

50.3^ ! 

1 

56.32 

5'>-23 

5S.00 


In 1 (^o6-7 Bone and Wheeler (/<?<. cairied out a series of exiierimenls to determine the 
^ irfluence of varying blast ste.im saturation temperatures upon the composition and yiejld of Ihe gas 
from a Laneaslnie bituminous coal, llie results of wliich are tabulated on p. 12S. 


' Steam raised by p.nt of the heat of the accompanying exothermic reaction. 



Results of Experiments bv Bone and Wheeler. 
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TYPES OF GAS-PRODUCERS 

It will be impossible here to attempt to give a description of the*very many 
dftTerent kinds of gas-producers now in use. A great deal of attention has 
recently been devoted to the subject, and very many patents have been taken out 
in recent years, though a large proportion of these are concerned only with 
improvements in matters of detail. For consideration of such matters the reader 
should consult the special books dealing exclusively with the subject noted under 
“ Literature.” All that can be done here is to give a brief description of the most 
important and typical producers. 

The simple form of gas-producer with a flat grate near the bottom is now 
practically obsolete, owing to the difficulty of removing the clinker when such a 



l'n;. 5.—The Duff Producer (two views). 

(JTaki'n frotu Mr F. (>. Fogffi article in "Tkc 
Cknnnal iVorld" of A'oi'. /0/j, am/ ^epro- 
dmed ititk kind fiernns'-ioH of the editor, M> 
Drenfier, and the fiui'tishcrs. Messrs J. ^ A. 

Chu. hill ) 



Fig. 6.—Thwaile ‘‘Simplex” 
Producer. 


grate is employed. The chief aim of modern producers is to effect the various 
stages of gas-production by mechanical means as far as possible, and thus render 
the whole process continuous. Modern gas-producers may be rougtly classified 
according to the type of grate used and the manner in which the air blast is 
admitted, as under:— 

1. Diagonal Grate Producers.— In the Duff producer (Fig. 5) the grate 
bars, as will be noticed from the diagram, run across the bottom of the producer, 
not, however, occupying the whole area, forming in section an inverted “V.” The 
air blast enters beneath the grate, whose form ensures that the air is uniformly 
distributed over a large area of fuel, and readily adpiits of the clinker being pushed 
into the water trough below. In the Tbwaite “Simplex” producer (Fig. 6) the 
grate, underneath which the ait blast and steam enter, slopes in one direction only. 
This producer is also water-sealed. 

2. Circumferential Grate Producers.— The Mond producer belongs to 
this type, the grate being made of an inverted truncated cone of fire-bars through 
which the blast enters. The shape admits of the ready removal of the ash. The 
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producer is made both with a water-seal for fuels giving a small percentage of ash 
(Fig. i) and with a mechanical dry ash discharge, which automatically delivers 
the ash from the bottom of the apparatus for use with fuels having a high ash 
content (I'ig. 7). For the sjjccial advantages of the Mond apparatus see below, 
“Ammonia Recovery in the Manufacture of Semi-Water-Cias.” 

3. Central Blast Producers. —In producers of this type the blast enters 
through a louvred cone (i.e., a cone consisting of a number of plates) placed 
centrally near the bottom of the ])roducer, the grate bars being usually dispensed 


CO»i nocrm 
1 



1 .. llic Vtllll - n. . . 1 nt i r n ini i f i nf i 1 tn 

Mechanical Dry Ash Discham'. ,, „ , 

^ ri'.. K Ihc laylor Revolving Bottom 


{The Po-kfr-uaxCorporntion Lid., Gas Vroducei (intcma diameter, 6 

SUnkton'im' I'et's ) fcCl). 

with. The Taylor “Revolving bottom,” Talbot and Kerpeley producers 
may be instanced as well-known examples of this tyi'O. In the Taylor f)ro- 
ducer (Fig. 8) the mixture of steam and air is delivered by means of a pipe, 
fitted with a conical distributor, rather high up in the apparatus. I'he fuel and 
clinker rest upon a revolving jiiate, underneath which is a closed ash-pit. By 
rotating the bottom when necessary, the height of the clinker is maintained at 
about six inches above the level of the steam and air inlet, and, by this means also, 
air-passages that may have been formed by the action of the blasi are closed up. 
The Talbot producer (Fig. 9) is jjrovided with a central blast of the usual type, 
and a double mechanical feed, as shown in the diagram. The apparatus is water- 
sealed and the clinker is removed by hand from the water trough. The Kerpeley 
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producer (Fig. 10) has a revolving grate and hearth. The blast distributor, which 
is fixed to the grate, is in the sha|)c of a cone with its apex rounded. •The lower 
portion of the apparatus is cooled by means of a water jacket. This obviates the 
cfaiker adhering to the sides, which would interfere with the rotation of the grate. 
The ashes in the rotating water trough are deflected over the side by means of a 



Kk;. 9.—The Tall)Ol I’roducrr. 

( I'akcn from Mt /. Fogg's arlii It in “ I'hc Chmiiial Woridf /Vt'. l<)U, and refroiirntd ivtih 
kind pc> iiussion 0/ the idiior^ Mr Drenpet, and the publishers, Messrs J. A. Chutxhill.) 


fixed blade set at a convenient angle. (For a description of suction gas-producers 
see p. 135.) 

USES AND ADVANTAGES OF *i>R()DUCER-GAS 

Semi-water-gas is employed both in furnaces and in gas engines. For the 
former purpose, ^’hen the furnace is a large one, the gas need be neither cooled 
nor scrubbed clean. In the case of small furnaces, where there are small stop¬ 
cocks, etc., it is desirable, to avoid clogging, to scrub the gas free from tarry matter; 
and for use in gas engines the gas must be both clean and cool. Many improve- 
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ments have been effected in gas-fired furnaces since Siemens patented his 
regenerative furnace in i86i; and great advances have been made in the construc¬ 
tion of gas engines in recent times. Such subjects, however, lie without the domain 
of this work. 

The advantages of producer-gas over the direct consumption of solid fuel are 
numerous. Of course, it is not possible to obtain more heat from a given quantity 
of fuel than is given out when it is burnt to carbon dioxide, and, in fact, there is 
a loss of heat in the manufacture of producer-gas (even of the semi-water type) 
owing to the fact that the sum of all the chemical reactions involved is exothermic. 
But such losses as actually occur through this source in practice are amply made 



FlO. 10.—The Kerpeliy Producer. 

{Fiilen /rout Mr F. C. Foi^g's article in “ The Chcmual Woiid," J^ct. 
1012, and icproduced with kitui permission o/ the editot, Mr Dreaper, 
and the publishers, Messrs /. &* A. Churchill.) 


up for by the economic manner in which gas can be burned as compared with 
solid fuel. There are no losses in the cu-se of gas furnaces through smoke or 
convection currents. I'he amount of air required for combustion is not much 
above the theoretical, whereas in furnaces burning solid fuel far more air is 
necessary than actually takes pSrt in the combustion, so that there is in the latter 
an extra large volume of gas to carry away sensible heat through the chimneys. 
Moreover, in gas-fired furnaces the sensible heat of the escaping gases is not 
wasted but is used on the “regenerative” principle to heat the air for combustion, 
and Bone and M‘Court’s method of surface combustion promises still further 
advantages in the economic combustion of gaseous fuels (see Section VI., p. 57). 

Furthermore, gas is more easily transmitted than solid fuel, gas furnaces may 
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be maintained at a constant temperature, and a gas fire may be more easily applied 
it) metallurgical work than one burning solid fuel. It is important to ifotice, also, 
in connection with metallurgical work, that with gas an oxidising or reducing flame 
may be obtained at pleasure. 

Nothing can be urged against the use of producer-gas as compared with coal 
on the grounds of efficiency or economy. One objection is that the gas is very 
poisonous, and that deadly quantities of it may escape into the air without betraying 
their presence by their odour. Hut so long as due care is exercised, especially with 
suction plants to be described later, nothing need be feared on this score. One 
way out of the difficulty is to flavour the gas, as is done in Germany in the ca.se 
of water-gas, by bubbling it through mercaptan, a compound which has a pungent 
and most disagreeable odour. 

Something in favour of the use of producer-gas as against solid fuel may be 
said from another point of view. 'I'here can be no doubt that the smoke nuisance 
is one of the evib of modern times, and renders every great manufacturing town 
unsightly and tinhealthy. Sir Oliver Lodge,' as well a.s other writers, have 
written elotiuently on this subject, and dream of the days when coal will invariably 
be converted into either coal-gas or producer-gas at the pit’s mouth, and conveyed 
to consumers in the form of a clean, non-smoke-producing fuel. Little has been 
done as yet to supply producer-gas in the way that coal-gas is supplied, it being 
usual for consumers to make their own gas. But in February 1905 an installation 
was built by The Power Gas Corporation Ltd. (the holders of the Mond 
patents) for The South Staffordshire Mond Gas Co., formed for the purpose 
of niiinufacturing and distributing producer-gas throughout a district of about 
120 square miles. The plant has run continuously day and night, distributing gas 
in steel piiics to a large number of consumers using the gas for many different 
purposes- power, annealing, enamelling, japanning, oxide burning for paint, heating, 
galvtinising. etc. 

Finally, as will appear below, producer-gas may with advantage be produced 
from fuels of too poor a quality to be worth utilising otherwise. 

The above remarks apply mainly to gas of the semi-water tyjte. Air-gas is by 
no meat ; so economical, tmd is used far less extensively, though some engineers 
Itrefir it owing to its freedom from hydrogen, for reasons which seem by no means 
obvious. 

I'he uses cif w-ater-gas depend to some extent upon its greater calorific power 
as compared with other types of producer-gas, which greater calorific power is due to 
the fact, of course, that water-gas contains only small quantities of nitrogen, whereas 
nitrogen is present in large quantities in air-gas and semi-water-gas. It is used in 
Germany, on this account, for steel-plate welding, .Another use for the gas is found 
in the fact that, although when pture it burns with a pale blue, non-luminous flame, 
after being i-arburetted with the decomposition products of petroleum, it gives a 
satisfac'ory luminous flame. Such gas is called “carburetted water-gas,” whilst 
the non-caiburetted variety is distinguished as “blue water-gas.” Water-gas is also 
used as an illuminanl by systems in whieh “ mantles ” (e.g., the Welsbach mantle) 
or rods (Fahnehjelin system) of refractory material are heated by the com¬ 
bustion of the “ blue ” non-luminous gas to such a temperature that they emit a 
strong white light. (For further details see Mr Dancaster’s article on “Illuminating 
Gases ” in Martin's “ Industrittl Chemistry: Organic ’) More recently water-gas 
become very important as a source for the manufacture of hydrogen. (.See the 
present writer’s article on “ Hydrogen ” in this volume.) 

AMMONIA RFXOVERY IN THE MANUFACTURE OF 
. SEMI-WATER-GAS 

As mentioned in the section on “ Semi-Water-Gas,” it is possible, by means of 
certain modifications in the method, to recover the nitrogen of nitrogen-containing 


’ See “The Smoke Nuisance” in “ Modern Problems,” 1912. 
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AieJs as af^monia. The Mond system was specially devised for this end, though 
Mond plants may also be used for manufacturing producer-gas without nitrogen 
recovery. It is claimed that by the Mond process as much as 70 per cent, of the 
nitrogen present in the solid fuel may be recovered, and as there is a large demand 
for ammonium salts as fertilisers, the process is exceedingly profitable in the case 
of large plants working with fuel of gof^d nitrogen content. Fig. i, p. 121, shows 
the construction of the Mond producer for ammonia recovery. 

The j)rt)(lucer, as stated on p. 130, is water-sealed, an<l the grate is circumferential. The 
blast must contain a large excess of steam—i Hi. of futuniinous fuel rc(|uircs 3 lbs. of air and 
lbs. steam -which serves to keep the temperature down, and thus prevents the decomposition of 
the ammonia formed, whilst at the same time it minimises the formation ot clinker, and so allows 
of the continuous working of the apparatus. Only aiioul one-fifth part of the steam is actually 
decomposed, the rest escaping with the gas, part of the heal of which is recovered by means of a 
tubular regenerator, and is used to raise steam (about 40 per cent, of the total) for the blast. The 
blast is furlhei healetl by being circulated around llie producer within an outer easing. The gas is 
further cooled down to alioul 90'^ C. by means of a water spray, which frees it from tar (which may 
he recoxered from the washings). It then passes into a lead-lined lower, where it meets with a 
stream of ammonium sulpliale solution containing about 4 pci cent, of free* sulphuric acid. The 
acid extracts the aiiimoiiia from the gas, 

2NH. + ILSOt = (Nn,).SOp 

Siving .immonium sulphate. The gas is fimilly washed with cold water )>eforc being used. 

For further details regarding Ammonia Recovery, see this volume under 

Ammonia. 

Owing to the large ])roportion of steam used, llte reaction between the steam 
and the carbon of the fuel lakes the form — 

(’ + 2H_.n - 2ii-_. -t cn. 

Consequently the gas differs (‘onsiderably in composition from ordinary semi¬ 
water-gas, containing more hydrogen and carbon dioxide and less carbon monoxide. 
Moreover, it has a smaller calorific power. But with very large plants working 
with liighly nitrogenous fuels, the gas may be obtained practically without cost 
owing to the value of the amiiKinia recovered. 

The process, moreover, can be applied with success lo po.al containing lu much as 60 per cent, 
to 70 pel cent, of water, and brown coal containing 50 pei rent, to 60 per cent, of water, which 
cannot be gassilie<] bv other processes w'lllmut being first dried—which cannot be economirally 
effected, b’or smaller consumers Mond plants are made without ammonia recovery, in which case 
les.s steam is employed, and a gas containing less hydrogen and carbon diovidc, and inoie carbon 
monoxide is obtained. 

The following analyses of “ Mond gas ” arc imblishcd by The Power Gas 
Corporation.' No. i refers to bituminous fuel with ammonia recovery. No. 2 
refers to bituminous fuel without ammonia recovery. 




No. I. 

No. 2. ' 

Caibon monoxuic . 

Hydrogen . 

Methane. 

Total Combustible gases 

|Vr Cent, 

11 .O 

27.5 

3-0 

- 41 5 

1 

I'CT Cl'lll. j 

23.0 

17.0 

3.0 

- 43.0 1 

Carbon dioxide - - - - 

Nitrogen (and moisture) *- 
Total incombustible gases 

10.5 • 

42.0 

- SS'.i 

5.0 i 

! 

. 37.0 1 

Calorific power, B.T.U. per culiic fool 

147.4-164.3 

157.3-169.2 


^ To whom my ihanl.s are due for kindly supplying me with pamjihlels descriptive of the 
various types of MOnd producers, etc. 
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SUCTION GAS-PRODUCERS 

In ordinary producer-gas plants the gas is made under a pressure somewhat 
above the atmospheric, the blast being forced into the apparatus. For furnace 
purposes the gas may be taken direct from the producer, but when required for 
gas engines it must first be stored in a gas holder and then delivered under very 
slight pressure. To avoid the expense of a gas holder, producers have been 
devised in which the gas is produced moment by moment, as required, by the 
sucking action of the gas engine driven by the gas produced. Each movement 
of the piston draws a fresh sup])ly of gas from the producer, and an equal volume 
of air and water-vapour is consequently sucked into it. 

The generation of gas must be initiated by means of a blower, and the engine 
is not started until the gas is found to burn satisfactorily at the test-cock. The 
gas is cleaned in a scrubber, and preferably dried in a dryer before entering the 
engine. The jiroduction of gas continues so long as the engine is working, and 
ceases when the engine stops and, thus, no longer sucks air and water-vapour into 
the [iroducer. Suction jrlants, of course, give most satisfactory results when the 



I'lG. 11. — Monel Suction llanl .ind Engine. 

Cor/>iyrnti'>n Lhi) 


engine is running at full load, as otherwise the quality of the gas is liable to 
deteriorate. 


A furtluo iconoui) is. enecicd In Ihc fad that ntf lioilcr is* required in ctmjunctiDU with these 
plants, iK pl.i o being taken l)y a “vaporiser" or “evajKmitor." of which perlmps the best form 
IS that of an internal annular holier, as in the Mond suction producer (F’ig ii), the Dowson plant, 
and oiheis. 'I’his raises steam by means of the waste heal of the producer, the needed air 
alst> being sucked into the appaiatus through the vaporiser. 

The det.iils of the Dowson (30 B.H.P.) |>lant, as a modern and fairly typical suction producer, 
are shown diagramm.ilically in V'ig. 12, and the following description of the apparatius and the 
manner of working it is quoted from Dowson and Larter’s work referred to under “ Literature.” 
“ A is llie grate on which the fuel rests ; Ji is the container holding a store of fuel which is admitted 
through tile hopper and valve at the lop ; c is a chamber filled with loose piece.s of fire-brick ; D is 
a circular pipe with holes in the lop, wltich receives water from the feed-pot e ; K is the air inlet, 
and tj the gas outlet, willi test-cock at H; l is a chimney or waste pipe; j is a coke 
scrubber with water-seal at the bottom ; K is the gas outlet. . . . A small hand-power fan (not shown 
in the figure) fis used] for blowing up the fire at the start. When the plant is to l>e worked, a 
little oily waste and some wood are put on the grate A, and the producer is filled with anthracite 
or coke in small pieces. The feeding hopper is then closdd, and the cock on llie waste pipe i is 
openecl; the fire is then lighted through a door on the level of grate A ; the fan is set in motion, 
and the products are in the first instance allowed to escape through the pipe I. The water supply 
is turned on, and^s soon as gas will burn well at the test-cock H, it is ready for use in the engine ; 
the waste jiipe i is then closed, and the gas is blown off through a waste pipe near the engine until 
good gas from the producer reaches tl.e gas-cock on the engine. The engine is then started and 
the fan is stopped. From this lime the engine itself draws in the air required for the producer, 
as well as the water to be vaporised in the chamber c, the mixture of steam and air passing 
downwards from c, through L, to the underside of the grate a.” 
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Fi».. 12.- Dowson Suction (las-T’rotluccr. 


BLAST-FURNACJ'-GAS 

The name “ blast-furnace-gas ” is given to the waste gas derived from furnaces 
used in the smelting of iron and other ores. In eonijrosition the gas is the .same 
as a low grade producer-gas, its calorific [lower varying from about 90 to 100 li.T.U. 
per cubic foot. It is frequently employed as a gaseous fuel, and thus, as it 
resembles [iroducer-gas in its composition and its industrial uses, it may be dealt 
with in the [iresent [ilace. 

The roni|iosition of the gas is variable, but the following figures are given by 
Blount and Bloxam as typicai analyses, on the authority of Turner. 

In the case of No. i coke was the fuel employed, wliilst bituminous coal was used in the case 
of No. 2 :— < 


, 

No. I. 

No. 2. 


I’er Ool. 

F’er Cent. 

i Carbon monoxide - 
1 Hydrogen - 

- 25 

2X.0 

2 

5-5 

1 Methane * • *- 

. 2 

4.4 

' Total combustible gases 

-, — 29 

- 37-9 

: Carbon dioxide • 

- 1 12 

8.6 

Nitrogen 

■ ; 59 

. 53-5 

j Total incombustible gases 

- i - 71 

- 62.1 


In some cases, however, the content of carbon monoxide may be as high as 30 per cent. 
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,1 

Until 1837, when attention was called to the matter by Dnfaur, this valuable source of energy 
had been entirely neglected. Plants were then devised and erected whereby abou» 50 per cent, 
of the blast gases were employed to heat the blast, being burnt in furnaces of the “ regenerative ” 
type, and about 40 per cent, were used for boiler firing to produce steam, the remaining 10 per 
cent, being wasted. Hut the efficiency of such boilers was unsatisfactorily low. 

Nowadays the improvements that have been effected in gas engines and the 
introduction oflarge gas engines have rendered possible the more efficient utilisation 
of blast-furnace gas, and it is now extensively used for this jatrpose. Before 
entering the engine the gas must be cooled to about 19" C., and the dust, which, 
of course,-is usually present in such gas in considerable quantities, must be reduced 
to not more than o.or g. per cubic metre—a quantity which is negligible. To 
effect this the gas is first passed throtigh one or other of the usual forms of dry- 
cleaning apparatus. Jt is then washed with water, a centrifugal apparatus being 
employed, either alone or after ordintiry water-washing, in which the gas is 
thorottghly agitated with water in the form of fine spray. Ammonia, as well as 
tar, can be recovered from the water used for washing gases from blast furnaces 
in which raw coal is burnt. 
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OCCURRKNCK 

Caruon dioMoo is iluau.ibly present m the atmosphere, being formed hy the respiration of animals 
as well as b} ilie decay of organic matter. Tlie amount varies fiom alioiil 0.03 per cent, in “ fresh ” 
air to as much as 0.3 per cent, in crowded rooms. Eor the same reason il is invariably to lie found 
111 the soil, from which it is taken up by rain and spring water. 

Enormous quanlitic.s of carbon dioxide are evolved from volcanoes, and from fumarolcs in 
volcanic dr.incls, the (irolto del Cane near Naples being specially noted in this respect. Large 
amounts are also present in many natural mineral waters, especially those coming from s]>rings 
ofvoltniiic origin, as in Germany, Java, etc. 

The bulk of the w’orld’.s content of carbon dioxide occurs stiircd up in rocks and minerals, such 
as chaik, limestone, marble (('aCOA m.-ignesite (MgCO.;), dolomite (Mgf'O.-.CaCO..), etc. 

PROEERTIKS 

Carbon dioxide is a binary comjround of the formula COj, and having a 
molecular weight of 44 ( 0 =i 6 ). It contains 27.27 per cent, of earhon, and 
72.73 per cent, of oxygen hy weight. It is a colourless gas, possessing a slightly 
pungent smell and an acid taste. It is vety heavy, and can readily be poured 
from one vessel to another, its specific gravity at N.I'.I’. being 1.529 {air=i, 
Rayleigh and Leduc independently), so that i litre of the gas at N.T.P. 
weighs 1.977 g. 

The gas is non-comhustible, and will not support the combustion of other 
bodies, with certain exceptions, such as magnesium, which will burn in carbon 
dioxide, yielding magnesium oxide and free carbon. The jiresence of 4 per cent, 
of carbon dioxide in air is sufficient to extinguish a burning candle. It is not 
poisonous, but it will not support respiration, so that air containing much carbon 
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dioxide asphyxiates; hence asphyxiating air is often found in wells, cellars, mine- 
shafts, etc. ' 

Carbon dioxide is sometimes known as carbonic acid gas. It is, correctly 
speaking, the anhydride of carbonic acid (HoCO,,), which acid is formed when 
carbon dioxide is dissolved in water (H.,0-I-C02 = H2C0,,). This is shown by the 
fact that the solution exhibits a weakly acid reaction to litmus, which reaction is 
given by neither the dry gas nor by dry liquid carbon dioxide {q-vl). 'I’his acid 
forms two series of salts, the carlionates (M.^CO,,) and the bicarbonates (MHCOg) 
(where M is any univalent metal), which evolve carbon dioxide when acted on by 
acids less volatile than that gas. 

'I'he solubility of carbon dioxide in water is high, the “absorption coefficient” 
(the volume of gas measured at o" C. and 760 mm. which is absorbed by i c.c. of 
water at f C. and 760 inm.) being 1.7967 -o.o776ir-(-0.0016424/-, .so that at 
ordinary temiieratures the gas is soluble in about its own weight of water. 'J'he 
solubility for a few temperatures is given in the table below 


Tcniju-nituic, Degrees C. 

0. I 

5. 10. 

I,S- 

20. 

So]ii]»ility{\(.lumeCOoai X.T.T. j 
i abstuhtd by i c.c. waicr at 

1 700 mni ) 1 

1 

1.7967 

1.4407 1 1.1847 

1.0020 

0.9014 


The .solubility is increased by pressure, but not quite to the extent demanded 
by Henry’s law (according to which the ratio between the solubility and the 
pressure should be constant). According to Wroblewski (Wiedemann’s 
“ Annalen dcr I’hysik und Chemic," Vol. XVIll., iS8g, )>. 290), the solubilities at 
12.4" C. for various prc.ssures are as under;— 


I'rcssiire in atmo^jilieres • 

1 5 I JO 

15 20 25 30 1 

Soluliilily at 12.5° C. 

- 1 ].oS6 j 5.15 i 9.65 ' 

13.63 i 17.11 . 20.31 23.25 


On removing the pressure, and especially in the presence of a fiorous body like 
bread or sugar, the additional volume of the gas is briskly evolved, causing 
effervescence, as in the case of soda water, beer, etc. 'J’he solution has a sharp, 
refre.shing taste. 

Li(]uid and solid carbon dioxide will be dealt with below. 


MANUFACTURE, Etc. 

I. Collecfton and Purification of Natural Carbon Dioxide.— In order 
to collect the carbon dioxide escaping from mineral springs, borings are made in 
suitable regions, and round each boring a basin is excavated. The basin is kept 
filled with the water escaping from the bore hole, the excess of water running away 
by means of an overflow channel. Over the bore-hole is jrlaced a metallic gas¬ 
collecting vessel, or gasometer, which is provided with a counterpoise. The escaping 
gas collects under the gasometer, and is led away by a tube passing out of the 
upper part, 'i'he gasometer is aiAomatically raised or lowered in the water by the 
counterpoise, according as the quantity of gas collecting in it increases or decreases. 
A similar apparatus is in use for collecting the carbon dioxide evolved from dry 
earth fissures. 

The escaping gas is cleaned in a spray apparatus, in which it is absorbed by 
water under pressure in the presence of coke. A small quantity of potassium 
permanganate may be added more effectively to oxidise such impurities as 
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sulphuretted hydrogen. The gas is then dried in towers containing calcium chloride, 
ind is finally liquefied and stored in steel cylinders. • » 

South Germany has many important carbon dioxide springs, from which enormous quantities of 
the gas are obtained. The Saratoga Springs, New Vork, U.S.A., must also l)e mentioned as of 
considerable importance. 

2. As a By-product in the Manufacture of Beer, Etc.— Enormous 
quantities of carbon dioxide are evolved in the manufacture of beer, wines, spirits, 
etc., owing to tbe sugar undergoing alcoholic fermentation— 

c„ii,A = 2 C.,h,,ou -1- 200;. 

(Sugar) (A'icohol) 

The gas thus evolved has a flavour like fusel oil, and is, therefore, unsuited for many of the 
purposes for which carbon dioxide is in demand ; but fermentation carbon dioxide is certainly 
suitable for carbonating and raising beer, and many methods have lieen dcviseil for economic.ally 
collecting it, which have, however, met with but little success. Stead and Palmer (Knglisli 
I’atents, 27,396, 1904, and 23,763, 1907), for instance, collect tbe gas by means ol counterbalanced 
gasometer bells, so con.structed as to operate by their vertical movcnient means for throttling the 
flow of gas, effected by the use of a sleeve fitting a perforated vertical pipe. 

For further particulars .see Mitchell's “ Mineral and Aerated Waters." 

3. By the Action of Acids on Carbonates.- -Carbon dioxide is usually 
prepared in the laboratory by the action of dilute acids on vurious carbonates 

CaCO- I- 2HCI = CaCb 1 ll.O + CO... 

M{;C0.% lUSO, ^ MgSO, H 11«() + O).. 
zNallCO', + ILSOi ^ NiuSO, l 2II..O -i 2C0,, 

and the same method is used industrially, though to a very much less extent now 
than formerly. 

Hoth bulplmrii: :u‘i<l (oil of vitriol) and liydrocliloric acid are used, but ihe former more 
esjx'cially, !)ccause the volatile impurities contained in the latter acid render the purification of the 
resulting gT* more difiicult. The .sulphuric acid must, however, be free from arsenic (a frequent 
impurity) in the ca^iC of carbon flioKide for mineral waters, etc. 

As concerns the carl^onates, whiting (purified chalk, Ca(X),) or so<lium btcarbonale {NaIICO.q) 
has beei usually employed in England, whilst powdered marble (CaCO.i) has i)een used in America. 
In Germany the mineral water manufacturers have generally employed magnesite (MgC0;{). Sodium 
bicarbonate with sulphuric acid yields very pure carbon dioxide, and has the advantage of leaving a 
soluble salt in the generator, but its use is very expensive. Marble frequeritly contains bituminous 
matter and iron, so that the evolved gas needs careful purification. Whiting, on the other hand, 
requires to be mixed with more water than pow'dered marble, so that a larger genera! or is required 
for the same amount of carbon dioxide; the action is somewhat violent, anfl the gas contains 
impurities. Both marble and whiting, with sulphuric acid, leave in the generator a trouble.some 
mass of insoluble calcium sulphate or gypsum (CaSO^), thus— 

CaCO;, + iESOj - CaSOj + 1J,0 CO,. 

Magne-ito has the advantage of giving a high yield of carbon dioxide (52 per cent, by weight), 
and tht. mother liquors can be worked for m^nesium suljihate or Epsom salts (MgSO^). 

Concentrated acid to an amount generally less than that sufticient completely to neutralise 
the carbonate is run into a generator containing the carbonate mixed with water. The generators 
are usually constructed of lead, or cast iron line<i with lead. Their form is that of a cylinder, 
either upright or, preferably, horizontal. The acid is admitted from an acid tank by means of a 
syphon tube, which acts also as a safety valve. An additional safely valve may lie provided, 
especially in the case of cast-iron generators for use with sodium bicarbonate. A stirrer is also 
provided, which rotate.s within the vessel and keeps its contenl.s well mixed. The driving rod of 
the stirrer passes through a stuffing box, which renders it gas-tight, thus preventing the escape of 
carbon dioxide. . i • u • 

Carlion dioxide generated by these methods needs a certain amount of purification, which is 
effected by mean.s of water-scrubbcrs. If, after this treatment, it still possesses an unplea»nt 
odour, it is further purified by leading through a solution of^tassium permanganate, which destroys 
organic compounds and sulphuretted hydrogen, and one of sodium bicarlxmate, w’hich retains acid 
fumes.- The gas may finally be filtered through wood charcoal. 

Sometimes manganese dioxide or potassium permanganate is directly added to the generator, 
when sulphuric, but not h)drochloric, acid is used. 

4. As a By-product in the Burning: of Limestone.— Large quantities 
of carbon dioxide are evolved in the burning of limestone and marble for lime— 
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('aCO,, = CiiO + CO., '—and several patents have been taken out for collecting and 
.purifying thj gas from this source. 

The evolved gas, which contains about 30 per cent, of carbon dioxide, the 
remainder licing mainly carbon monoxide and nitrogen, is drawn off from the upper 
portion of the furnace, and water-scrubbed. It is then sufficiently pure for the 
purpose of sugar refining. If pure carbon dioxide is required the gas may be 
absorbed by potash-lye (pota.ssium carbonate solution), and re-evolved as described 
below. 

5. Recovery of Carbon Dioxide from Furnace Gases.— J'urnace 
gases resulting fioni the combustion of coke or charcoal contain about 20 per cent, 
by volume of carbon dioxide, and several processes have been patented for recover¬ 
ing this jii'oduct from them. 

The usual method (Stead’s process) is to absorb the gas by means of potash-lye 
(|)Otassium carbonate solution), and afterwards to liberate it by heating the carbonated 
lye under reduced pressure - 

K./'(): I lU) ' aKlK'O, 

'I'he |>lant consists e.ssentially of a l)e boiler, directly fired with coke. The 
combustion gases, after washing and cooling, are forced through towers containing 
hard coke, in whicli they are absorbed by cold lye passed down the towers, 
reaction taking place in the direction of the upper arrow in the e(|uation given 
above. 'I'he carbonated lye is then |Htm])ed into the boiler and boiled, when the 
rever.se reaction takes place, and the carbon dioxide is expelled. The lye is then 
used over again. Heat interchanges are arranged in the paths of the lye, so that 
part of till- heat of the hot decarbonated lye from the boiler may be given up to 
the cold carbonated lyi- on its wav to the boiler. The evolved carbon dioxide is 
dried by means of calcium cbloride, and either passed into a suitable gas holder, 
or ininiediately Iniiiefied. 

Carbon dioxide of a high degree of purity can hi obtained by this method, 
comparing faMiiirably with that ])roducal from sodium bicarbonate. 'I'he gas is 
much purer than that obtained from acid and whiting, and as the process is 
considerably cheaper, it has to a very large extent supjilantcd the former method. 

Knowles (t''.nglisli I'.uent, 1,744, 1907) pnnidos means fur the dilnlion of Ihc carlumatcd lye, 
whicli lie fimlv Innhiates its (lecoiiiposiUoti. I'or otlier iniprfAcmeiil>s sec Ibnglish I’alenf. 3,106, 
1007, ami Ficmli r.iti-nl. 387,874, if|o8. 

6 . Recovery from the Exhaust Gas of Gas Engines (Suerth System). 

—In North (jerniany, carbon dioxide is obtained in a somewhat similar manner to 
the foregoing from the exhaust gas of gas engines. Producer-gas, after being 
scrubbed, is exjiloded in the cylinders of the engine. The issuing g.a.ses, which are 
very hot, are used to heat the carbonated lye in a special boiler. The gas is then 
passed through scrubbers containing limestone over whieli water trickles. .Sulphur 
dioxide and dust are thereliy removed. Next the gas is pumped, under a pressure 
of three to five atmospheres, through a vessel containing jiotasli-lye, provided with 
a number of baffle plates, under each of which the gas accumulates in turn, and is 
thus exjiosed for a long time to the action of the lye. The carbon dioxide is thus 
absorbed (K^CO.,-p CO.^-I-mO-aKHCO..,), the process being completed in an 
absorption tower. The carbonated lye is then pumped into the boiler, the carbon 
dioxide is expelled by boiling (aKHCO^-K,T'(T -I- Ctb-I-H., 0 ), and the purified 
gas is dried and liquefied. 

LIQUID'CARBON DIOXIDE 

Carbon dioxide has a critical temperature of (approximately) 31.0° C., the 
corresponding pressure being 73 atmospheres. It follows, therefore, that the gas 

' A furlhcr ijuantity of carbon dioxide is, of course, obtained from Ihc coke used for burning the 
limestone. 
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can be liquefied at ordinary temperatures by pressure alone. About 50-60 
atmospheres are required, whereas at 0“ C. 36 atmospheres are sutScient. At, 
760 mm. pressure the boiling point of the liquid is -78.2° C.; this is shown in 
fhe following table, as well as the vapour pressures corresponding to other 
temperatures:— 


! Tcmper.ilurc-, Degrees C. -7S.2 ! -25 “ ■.1 j ' .5 - I 5 


Tressurc in almosjiljeres \ 
(I atmips.760 uini.) j 


17-1 


23.1 ■ 30.8 


40.,5 


j 125 ■ -135 i +45 

52.2 60.1 82.2 100.4 


Faraday was the first to succeed in hringing about the hqucfaciion of carlion dio.vidc, which 
lie did hy allowing sulphuric acid to act on aninioimini carbonate in a sealed lube lieni so as 
to form an inteitcd “ V,” the gas being h(|ucfied by its own jiressure. Thilorier, in iSjg, first 
prepared liquid carbon dioxide on a large scale. He used two cast-iron cylinders, in one of which 
the carbon dioxide was fornieil hy the action of sulphuric acid on sodium hicarhonale. The gas 
was liquefied hy means of its own pres.sure, and then distilled into the second evliniler. The 
apiiaratiis was d.ingerous, several fatal explosions occurring. .\ similar apparatus, in which lead 
cylinders siirroundeil In copper jachets (Mareska and Donny) were employed, was found to he 
more reliable. 


Liquid c.irbon dio-xide is a colourle.ss mobile fluid, having a specific gravity of 
1.06 at 34' ('., 0.947 at o" C., and 0.726 at -1-22.2 (’. It will be seen from these 
figures that the coefficient of expansion of the liquid is greater than that of any 
gas. It is almost insoluble in water, but readily dissolves in alcohol or ether. 

Owing to Its convenience and the speed with which it can now be manufiictured, 
carbon dioxide is nowadays usually stored and sold in the liijuid form. .Since the 
temperature rises when the gas is subjected to piessure, most modern compressors 
are of the multi stage type, in which the gas is submitted successively to two, three, 
or even four different and increasing pressures, being cooled by means of cold 
water between each stage. 

'I'he most iTlicicnt type of coolnij' apparatus is ronstnicU'd of douMo i>ipc-s. 'I'hc water (lows 
through tlje innei tubes, an<l llic gas passes along ihu annular space betwetm llic pipes in llic 
oppoMie direction. A submerged condenser is usually emplo}ed for the linal stage. 

The cylinders in which the liquid is stored a’‘c not completely lilled, a space being left for the 
liquid to e\[‘‘nd, otherwise iheie is a danger of "xplosion. The presence of air also greatly 
increases the risk of explosion, only i per cent, of air left in the cylinder increasing the prcssuic 
in it by oxer 3 per cent., in the most favourai>le circumstances (see Stewart, lot. iiL). 


' SOLID CARBON DIOXIDE 

When liquid carbon dioxide is allowed suddenly to evaporate, part of it 
solidifie.s owing to the deeiciise in temperature produced by the evaporation. 

'I'he solid ran be most readily prejiared by tying a bag of coarse canvas around 
the outlet tube of a cylinder of liquid carbon dioxide, which is inverted so that the 
valve is underneath. On oiiening the valve, the liquid very rapidly blows into 
the bag, part vaporises and esrajies through the jfores of the canvas, whilst the 
remainder solidifies owing to the decrease in the temperature, and collects inside 
the bag in the form of a white bulky crystalline powder resembling snow (Landolt, 
Berichte, 1884, Vol. XVII., ji. 309). 

On compression in a wooden mould a compact mass is obtained, which, owing to 
the very large beat of vaporisation required, does not readily evaporate in the air. It 
may be retained in a cardboard or wooden box, oj preferably wrapped round with 
indiarubber tissue, then with cotton wool and paper. The specific gravity of the 
solid is about 1.2. Its temperature is - 79“ C., but it may be gently touched by 
the hand without sensible cold, owing to the protective atmosphere of gaseous 
carbon dioxide around it. If, however, it is pressed to the skin it forms a blister. ■ 
On mixing with ether or chloroform the temperature falls to about - 90° C., the 
mixture forming an excellent one for refrigerating purposes. On reducing the 
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pressure the temperature falls still further to about -iio° C. Liquid carbon 
dioxide immersed in a tube in this mixture solidifies to an ice-like solid (Mitchell 
and Faraday), having a specific gravity, at - 79'' C., of 1.56- 


TECHNICAL USES OF CARBON DIOXIDE 

The uses of carbon dioxide in commerce are many and increscent. The more 
importantjirc noted below. 

Carbon dioxide is used extensively in the manufacture of sugar for removing 
lime from the limed sugar-cane juice. It finds important application in the manu¬ 
facture of various carbonates, especially white lead (France and Germany) and 
sodium bicarbonate, and in the manufacture of alkali both by the Solvay or ammonia 
soda ])rocess, and the cryolite process, in the latter of which carbon dioxide is used 
to decompose the sodium aluminate jiroduced. 

Carbon dioxide is also used for carbonating and raising beer, and in the 
manufacture of aerated waters. Liquid carbon dioxide, jjurchased in cylinders, 
has largely displaced the use of gas prepared at the works from whiting and 
sulphuric acid in the latter, as well as in other, industries. As Mitchell points 
out {loc. fit), this substitution has eliminated the employment in the factory of 
sulphuric acid with its attendant dangers. It has considerably reduced the labour 
bill, owing to the ease with which the cylinders may be handled, and has cut down 
the cost of materials by about 10 pet cent. Moreover, the liquid carbon dioxide on 
the market is |nirer than that usually obtained from whiting and sulphuric acid. 

Carbon dio.xide has beon found useful foi protectinrr wines from moulds, etc. A methori of 
jrreparing carbon dioxide with antiseptic projK-rties, in whicb it is stcrili-cd by means of ozone, 
his been described by Bourchaud-Praceig (French Patent, 388,970, 1907). 

Litjuid carbon dioxide is also now extensively used as a refrigerating agent, 
especially in the manufacture of mineral waters, which need to be thoroughly 
cooled for saturation with gas during the bottling process. Liquid carbon dioxide 
has several advantages over both ammonia and sulphur dioxide as a refrigerant 
It cannot impart, like ammonia or sulphur d’j.xide, any objectionable flavour to 
mineral waters with which it may come in contact, but can be used to carbonate 
them after it has done its work as p lefrigerant. It does not attack copper, and 
its cost is very much less than that of liquid ammonia. Consequently carbon 
dioxide refrigerating machinery is ra[)idly displacing ammonia plant and sulphur 
dioxide plant. 

Still colder temperatures can be produced by means of solid carbon dioxide 
prepared from the liquid as described above. 

By allowing liquid carbon dioxide to come in contact with molten steel in 
strong gas-tight chambers, enormous pressures are produced, which free the casting 
from bubbles and increase the density of the metal. Liquid carbon dioxide is, 
therefore, used for hardening steel, e.specially by the firm of Krupp in Germany. 

Liquid Carbon dioxide has further applications in the removal of boiler-scale 
(see German Patent, 55,241, 1890), .and as a fire extinguisher. 

Liiiuid carbon illoxidc may be used fur raising sunken ships, etc. Dr W. Raydt was the first 
to carry out experiments in this direction, and in 1879 succeeded in raising an anchor weighing 
316 cwt. (German) from a depth of 40 ft. in the sea at Kiel, by means of a carbon dioxide balloon. 

Carbon dioxide possesses therapeutic properties, luths of water supersaturated witli the gas 
having been found to be mildly stimulating, and thus useful in treating nervous diseases. Such 
baths are most readily prepared by mbans of liquid carbon dioxide. 



145 


SECTION XV 

INDUSTRIAL OZONE 

Hv Lieut. E. Joblinc, A.R.C.Sc., B.Sc., K.C.S. 
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Sih’/ili/ii JmenVan Suf>pl('/nt’n/, yt, 1911. 73. 2O8; 1912. 

7 '////is hni^'/ueenn^ Supphnunt of 20th and 271b Septcm)>er 1911. 


The importimre of o/onc, or tnatomic oxygen, depends upon the extreme 
readiness .,ith wliich it parts with its third atom of oxygen, particularly when in 
contact WMth oxidisabic substances, to give ordinary or diatomic oxygen. Ozone 
is therefore an energetic oxidisitig agent, and as such has met with extensive 
industrial application -a circumstance which is to be attributed as much to the 
non-formation of any troublesome after-product as to the nascency of the liberated 
oxygen. 

Though ulwavo jircpured and used in a very rarefied form, o/onc may be condensed from the 
gas containip” a as a deep blue liijuid of IhP. - 119' C. (the pure gas is ilself blue), wiiich is 
dangerous to hamli.* on account of its tendency to explosive dccompo.sition. It has a characteristic 
odour, perceptible even in extreme dilulion with air(l part O;-in 1,000,000 air). Gaseous o^one 
in the rarefied condition sp<^nlaneously decomposes, the rale of deconipo-sition depemling liolh on 
tlie temperature and the concentration. At 270“ C. ozone cannot exist: at onlinwy temperatures, 
though, air charged with o/oiie is fairly stable. Like air and oxygen, ozone is almost insoluble 
in water. 


I. Thermal 
from oxygen - 


Method. —Since heat i.s ab.sorbed by the formation of ozone 


302 = 2O,, - 59,000 caK, 


it follows that increase of temperature is favourable to ozone formation. Nernst 
utilises this as the basis of a process in which a current of carefully dried air is 
brought into contact with an electrically-heated noiwmetallic body, e.g., a Nernst 
filament (D.R.P., 195,985 of 1906). To minimise the dheomposing effect of 
temperature upon the product, the velocity of the air must be such that it is 
only momentarily’exposed to intense heat and is then suddenly cooled. The 
method, however, is not a practicable one owing to the low ozone concentration 
developed. The most productive thermal method appears to be that of immersing 
a glowing Nernst filament into liquid oxygen (F. Fischer), 
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2. Electrolytic Method-— If, in the electrolysis of aqueous liquids, the con¬ 
ditions are arranged for a very high current density at the anode, the oxygen 
liberated there is found to be ozonised. Sulphuric acid has been shown to be 
the best adapted for the purpose (Kremann). To obtain a good yield, as well 
as to prevent destruction of the anode, the latter must be cooled, either by 
rotation or by means of internally flowing water or salt solution (F. Fischer). The 
yield is further increased by partly enclosing the anodes with non-conducting 
material so as to leave only long thin lines of the platinum or other metal 
exposca (F. Fischer). 

For the above electrolysis, direct current of course is employed, but in a new 
method for large scale ozone (jroduclion recently described by Archibald and 
Wurtemberg, both direct and alternating current are employed in the electrolysis 
of dilute sulphuric acid. The alternating current is found to act as a depolatiser, 
leading to highly increased yields of ozone. In one instance, the production of 
ozone was 300 times greater than with direct current only. The higher the 
fre(]uency of the alternating current, the greater the yield of ozone. 

3. Photo-chemical Method. — Lenard discovered that air or oxygen is 
“activiited” by ultra violet light. For the production of this light of very small 
wave-length, mercury va[)our or Uriol lamps are employed, the lam[) itself being 
entirely or in part of quartz, since quartz, unlike glass, is transparent to ultra¬ 
violet rays. Potter (American Patent, 845,965) takes advantage of these facts for the 
constiuction of an ozoniser in which a i|uartz mercury-vapour lamp is surrounded 
by a sheathing of ordinary glass, between which and the ijuartz of the lamp air 
is spirally conducted. 

4. Electrical Method. —For industrial purposes, the only practicable method 
of producing ozone is that of passing dry air through a chamber where it can be 
subjected to the influence of a silent high-tension electric discharge. 

It is not certain whether the production of ozone by silent discharge is funda¬ 
mentally an electrolytic phenomenon, dependent upon the electric stress developed, 
or whether it is to be attributed to the ultra-violet rays develo|)i‘d. The latter is 
the more probable (Harries), in which case the preceding photo chemical method 
is only a modification of the present one and vice versa. 

In its simplest form the apparatus employed is the well-known Siemens ozone 
tube, comprising two concentric cylinders of glass connected to the poles of an 
induction coil, and between which ].iasses a current of air. ('ommercial ozonisers 
are constructed on the same principle, the diflerent systems being distinguished 
chiefly by the arrangement and material of the electrodes, and the presence or 
absence of a solid dielectric. 

'I'he tension of the current employed depends upon the thickness of the dielectric 
(if any), the nature of the electrodes and their disposition, and varies between 10,000 
and 90,000 volts. The higher the tension, the greater the out])ut of ozone, the 
latter being theoretically proportional to the potential difference. A high frequency, 
at least too alternations per .second, is found necessary. 

A solid dielectric between the electrodes is now generally considered a more 
efficient arrangement than reliance only upon the air or oxygen passing between 
the plates, as it both increases the regularity of discharge, and dimini.shes the 
tendency to sparking. 

The current has a deozonising effect which increases with the concentration 
of the ozone. The concentration must therefore be kept low. There is a limit to 
which it may be pushed, but*this maximum is far above the workable concentration 
level, since the energy then demanded is out of all projiortion to that required at 
lower concentration. 

In most of the technical apparatus afterwards to be described, the concentration 
of ozone in grams per cubic metre of ozonised air amounts to an average of 
about two. At this concentration, 30-60 gr. of ozone per kilowatt-hour are pro¬ 
duced at a cost of ^d. to id. For higher concentrations, implying a slower air 
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current, the yield is less, and vice versa. This efficiency of production ij still far 
distant from that theoretically obtainable. 

• Heat and humidity are unfavourable to the generation of ozone. The influence 
of the former in causing a reversion of the ozone to oxygen has already been 
remarked. To minimise it, the electrodes are cooled by any suitable means, 
though the ideal generator would naturally be that in which non-production of heat 
is attained rather than its elimination by cooling means. To prevent the very 
considerable loss which moisture introduces, the air delivered to an o^^niser is 
always first dried by contact with a hygroscopic solid or by refrigeration. Dust is 
undesirable, so that the incoming air is usually also filtered. 

Sparking in the discharge must be rigorously prevented, for it leads to the 
formation of oxides of nitrogen which are harmful to the apparatus, and usually 
detrimental to the quality of the o/onised air produced. 



The lollowing include the most important of the ozonising plants now in 
vogue:— 

1. Siemens and Halske Process.— As shown in Fig. i, each ozone tube 
comprises a cylinder of glass surrounding a cylinder of aluminium, and six or eight 
of these elements are usually mounted, vertically or horizontally, in a metal case 
through which water flows for cooling purposes. The cylinders are connected to 
the A.C. mains, the glass cylinders being put to earth through the surrounding 
water and case to reduce the risk of shock. Air enters the lower chamber, passes 
through the ozone tubes, and is drawn off as ozonised, air from the upper chamber. 
As viewed through a glass window, the discharge is seen to be blue, and to enable 
the attendant, therefore, to see at a glance whether the ozonisers are working 
properly, they are Jrept in a dark room. 

2. Otto System. —In the earlier form of this ozoniser (Fig. 2) one electrode 
consisted of a fixed iron cylinder, while the other comprised a large number of 
aluminium discs arranged perpendicularly to a central axle of the cylinder. The 
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rotating • discs were provided with two opposite segmental openings, those of each 
disc being staggered with respect to adjacent discs, whereby any spark that was 
formed was drawn out and ruptured by the rotation of the discs. No dielectric 
was employed. 

In the latest form, however (see Fig. 3), glass is employed as a dielectric, and the 
ozoniser now consists of an outer casing in which are arranged a number of sheets 



Oione Air • 

2.—Otto System. Kite 3.—Otto System. 

(Olil Form.) (New Form.) 


of glass coated on alternate sides with tin-foil, each sheet being separated by a strip 
of insulating material so as to leave a space between for the passage of the air. 



Fig. 4. —De Vrise System. 

Longitudinal Section. Cross Section. 

3. Tindal-de Vrise System. —No solid dielectric is here employed. Each 
ozoniser (Fig. 4) comprises a horizontal semicylindrical metallic trough, fitted her¬ 
metically with a glass cover and provided externally with a water jacket. Semi-discs 
of metal, having serrated edges, are suspended from the cover at, short intervals and 
form one electrode. The metal trough is earthed and forms the other electrode. To 
prevent sparking, a series of high liquid resistances, consisting of tubes filled with 
glycerine and water, are arranged in the circuit. The silent discharge takes place 
between the semicircular high tension poles and the water-cooled inner surface 
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of the trough, and between the poles the air to be ozonised is circulated. Five 
or six such cells are arranged in series. * 

A similar ozoniser, due to Tindal, is shown in Fig. 5. The arrangement is 
self-explanatory from the diagram given. 

4. Abraham-Martnier System.— In this ozoniser the discharge surfaces 
consist of glass plates whose outer surfaces are cooled by water circulating in the 




surrounding air-tight njctal tank. .Since the water serves as a conductor, being 
in contact with the high-tension pole.s, a high re.sistance, in the form of a number 
of water showers, is employed to prevent short-circuiting through the water (Fig. 6). 

5. Vosmaer System.— Dielectrics are dispensed with in this system also. 
The o/oniser com])rises a series of parallel tubes, each of which contains one flat 



Fit:. 7.- Vosmaer System. 


and one saw-edged electrode held at a fi.\cd distance apart by porcelain insulators. 
Sparking is suppressed by the insertion of a condenser c and induction coil i, in the 
circuit (set Fig 7). 

6. Howard-Bridge System. —The discharge space in this case is bounded 
by two concentric cylinders, the outer of glass lined with aluminium and the inner 


1 

..AAO/\OAOAOA1LJ)M_II^ SAa IIA4 has 


1 



Fin. 8. —Iloward-liridgc O/.oniser. 


of metal pierced by a large number of holes for the passage of the air. ('oncentra 
tion of the discharge is effected by raising the rims of the holes above the level of 
the inner cylinders (.see Fig. 8). 

7. Gdrard Sjfstem. —This ozoniser consists essentially of two concentric glass 
cylinders of about a metre in length, which thus form a double dielectric, whilst 
the electrodes are formed of metallic sheathings affixed to the outer surface of the 
outer tube and to the inner surface of the inner tube. Air is passed down the 
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inner tube (see Fig. 9), rises between the dielectrics, and escapes charged with 
ozone. Several, usually ten, of these elements are arranged vertically in a 
refrigerator consisting of a tank containing oil, and each element is surrounded by 
a wide cylinder of zinc, considered by the inventor both to increase the circulation 
of the oil, and, by acting as a conden.scr, to promote the formation of ozone. The 
advantage of oil over water as a cooler lies in its insulating properties, for on 



Flo. 9.—Gerard .System. 


the accidental breakage of a tube it pre¬ 
vents short-circuiting as it cuts the tube 
off from the remainder. 

8. Ozonair System.— In this ozon- 
iser a scries of mica plates arc mounted 
side by side in a case, each plate being 
covered on both sides by a sheet of alu¬ 
minium-alloy gau/e which serves as the 
electrodes. The air passes into the box 
and between the jilatcs in a direction 
parallel with them. The use of gauze is 
claimed to promote the formation of a 
sjiarkless discharge, whilst the open ar¬ 
rangement of plates is said to be suffi¬ 
ciently prenentive of heating without the 
aid of water cooling (see p. 155). 

Detection and Determination 
of Ozone 

Detection. —Ozone is most readily 
detected by the “ blueing ” of starch- 
potassium iodide paper. Unfortunately, 
bowel er, other substances, <■.,1,’'., nitrous 
oxides, chlorine, etc., produce the same 
effect. 

A more conclusive lest is obtained by 
using a litmus or jihenolphthalein paper 
moistened with neutral potassium iodide 
solution. Chlorine, nitrous acid, etc., if 
present, form the neutral salt, and there¬ 
fore give no reaction. Ammonia is the 
only likely substance to disturb the re¬ 
action, and this can be detected by the 
use of a separate litmus pajicr. Ozone 
oxidises the potassium iodide to caustic 
potash and turns the litmus blue. 

The most sensitive <]ualitative test is 
obtained bv the use of the so-called 


“ tetramethyl-base ” paper, i.e., paper .soaked in an alcoholic solution of tetramethyl- 
di-/-aminophenylmethane. The moist paper is turned violet by ozone, straw yellow 
by nitrous oxide, deep blue by chlorine or bromine, and is not affected by hydrogen 
peroxide ((dement, Ann., [4], 14, 334, 1902). 

Estimation, —The standard industrial method is that of absorption by neutral 
potassium iodide solution, and after acidifying, by titration in the usual way with 
sodium thiosulphate and starch. 


Satisfactory results have also been obtained by Iztdenburg (.^.,36, 115, 1903) 
for a method in which the ozone was passed into sodium hydrogen sulphite and 
then titrated. In either of the above cases if the presence of other oxidising agents 
is suspected, a duplicate estimation should be made after the gas has been heated 
above 270°, when the difference in the results gives the amount of ozone 
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For the separation from small quantities of the usual impurity, namely, nitrous 
oxides, the gaseous mixture should be passed into liquid air when Ihe ozone 
(f.ssolves, whilst the nitrous oxides separate as blue flocks. On filtration and 
evaporation both constituents are determinable (Fischer and Marx, B., 39, 2556, 
1906). 


Application of Ozone 

Water Purification. —Ozone is known to exert a destructive action upon 
many of the micro-organisms found in water, particularly those which are deleterious 
to health, and in consequence of this, it has been utilised on a very large scale for 
purposes of water sterilisation. The method simply amounts to a cold combustion 
of the bacteria and organic matter present. 

The present methods of water purification' comprise:— 

1. The use of antiseptic chemicals, usually chlorine or bromine in some 

form. 

2. Sand filtration. 

3. The employment of ultra-violet radiation. 

4. Ozonisation. 

Of these, sand filtration has long been relied upon, and is still employed for all 
ordinary waters, 'rreatment by chemicals has not found much favour industrially; 
whilst purification by ultra-violet light, though making rapid strides, is still in its 
infancy. Further consideration of these methods cannot be undertaken here. 

Ozoni.sation finds its greatest usefulness in the purification of those waters, 
usually of superficial origin, which are more or less discoloured or contaminated. 
Its advantage lies in the fact that it leaves no objectionable residue, is non-toxic, 
its comparative insolubility pre\ents “over-dosing," and it does not attack the 
usual dissolved salt.s which give taste to potable water. 

The salts of the alkalies and alkaline earths remain unattacked, as also do 
ferric salts, but ferrous and manganous salts are oxidised and |)recipitated. Organic 
matter is completely destroyed. To minimise the consumption of ozone, however, 
all organic and inorganic impurities must first be removed by mechanical or 
chemical means. 

A modern ozonising plant consists of (i) ozonisers, (2) sand filter, (3) ozonising 
towers, and (4) a reservoir for the purified water. The various ozonisers have 
already been described. It only remains to deal with the various types of 
ozonising towers employed. 

Since oz.one is only very slightly soluble in water, satisfactory sterilisation is 
only obtained by the intimate contact of the two. 'J'his is accomplished in the 
following ways:— 

t. Surface Contact.— In the Siemens and Halske tower, which illustrates 
this type of apparatus and of which a diagram is shown in Fig. 10, the previously 
filtered water is allowed to trickle down one or more towers filled with stones 
or gravel, while at the same time a current of ozonised air is forced through the 
tower in the opposite direction. The ozone not absorbed is returned to the 
ozoniser. 

The Abraham-Marmier tower is of the same type. 

This system is being replaced by a system which employs:— 

2. Emulsification.- -Otto’s apparatus is the most important in this connection 
and constitutes a kind of injector in which the filtered water is forced into a small 
chamber provided with holes through which ozonised air is sucked in and churned 
into the water (Fig. 11). To complete the mixing action the apparatus terminates 
in a long piece of piping, 15 ft. or so in length, whereby the ozonised air is more 
readily absorbed by the water by being subjected to the increased pressure of the 
lower part—a method known as “ self-contact.” 

‘ See p. 169. 
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Another form of ozonising apparatus, in which the ozonised air is sucked in 
by the flcfw of the water, is that of the Howard-Bridge system, shown in Fig. 12. 
In travelling through the first U tube, jjartially used ozonised air is drawn in from 
the pipe a, the ozone absorbed leaving the air to escape through a hole at A 



1 ' Hi. 10.—Siemens .md Halske ’J'ctwer for O/onc Treatment of \N’a(er. 


’rc.sh ozonised air is then sucked in from the ozoniser r, and accompanies the water 
long the second U tube round the baffle plates and escapes into the reservoir. Any 



■ii;. 11.—Oiui's Ai>- 
paralus fur Ozone 
Treatment vf Water. 



^ 1C.. 12. —Iloward.Hiiil(;e System for Treatment 
of Water. 


nused ozonised air collects in the chamber d and is drawn back into the incoming 
ater through the pipe a. ’I’his method effects considerable economy, for no 
ower is required to compress the ozonised air into the steriliser. Incidentally 
removes all difficulties connected with ozonised air pumps due to the lubricant 
eing attacked by the ozone, for the pumps are dispensed with. 
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3. Injection. —Yet a third method is illustrated by the Siemens-de Vrise 
ozonising tower (Fig. 13). The towers are of iron, internally enamefled, and are 
divided into compartments by perforated lateral partitions of celluloid. The 
\ozonised air is forced into the tower at the bottom, along with the water to be 
sterilised, and the ascending bubbles, by contact with the partitions, are suitably 
broken up for absorption of the ozone. By regulation of the speed of the water 
as it passes up the tower, the time of contact of the ozone with the water can be 
readily controlled. 

The ^’osmaer, (lerard, and Tindal towers arc of the same type. 



In the O/.onair type of apparatus the above three methods are combined in 
order to ensure satisfactory contact. The water ns first atomised in the presence 
of ozonised air in the upper portion of the apparatus, and the particles of water 
are then allowed to fall upon a pile of glass spheres packed in a lower, where they 
meet an ascefiding stream of ozone. At the bottom of the tower the water falls 
into a tank, through which ozonised air is blown from nozzles arranged beneath 
the surface of the water, the last process being continued for any desired period. 

In the case of all the ozonising towers above-mentioned, the ozonised water 
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is discharged on to the top of a series of steps, down which it cascades into the 
storage tank and, by contact with the atmosphere, gives up its excess of ozone. 

Recently, small ozonisers for domestic purposes have been placed upon the 
market. 'I’hey arc designed to fit on the ordinary water main, and are operated 
from the house supply, the ozonisers only functioning when the tap is turned on. 

■As to the amount of ozone required for complete sterilisation in water purifica¬ 
tion plant, it is not possible to say precisely. The amount varies with the water 
under consideration, and should be made the subject of preliminary research in 
each case. The average amount of ozone supplied in grams |)er cubic metre of 
water is about 2, though it may sink to ^ or rise to 8. The concentration of ozone 
in the ozonised air delivered from the ozoniser also lies in the neighbourhood of 
2 g. per cubic metre, so that it may be stated broadly that a bulk of ozonised air 
equal to that of water to be [rurified is recjuired. The cost of working, in the case 
of large installations, runs to about Id. per 1,000 galls, of water treated. 

On the Contiirent, water purification by ozonisation is largely jiractised, installa¬ 
tions having been erected at Tetrograd, Paris, Florence, Nice, and other large 
towns. 'I'he systems employed are usually the .Siemens and Halske, de Vrise or 
Otto systems, or combinations of these. In England, the Ozonair apparatus has 
the widest application, but so far has not been adopted by any large public 
authority owing to the satisfactory purity of the water supply of most large 
English towns. The Yosniaer and Howard-Kridge systems arc American in 
origin, and find their chief application in Canada and United States of .Ameiica. 

Air Purification. — I’hc unpleasant effect of the air of crowded rooms is 
not due .at all to an excess of carbon dioxide, but to the noxious organic exhalations 
which are given off from the skin and lungs of the jicople present. The introduction 
of ozone into such rooms is found to remove the source of the bad effects by 
oxidising the.se organic impurities, whilst if, in addition, a small excess of ozone be 
admitted, the air is rendered jileasant and invigorating. Bacteria, however, can 
hardly be removed, for this would demand a i-oncentration of ozone which the 
human organism could not toler.ate; but, if die incoming air be subjected to the 
influence of ozone, at least partial sterilisation can be effected. 'I'he costly 
complications introduced into heating arrangements by the necessity for hygienic 
ventilation are removed to a large extent by the use of an ozonising apparatus, which 
renders even the atmosphere of a closed room wholesome for a considerable time 
(see, however, /rwz-«. Jnd. and Eng. Chem., 5, 882 [1913]). 

An air-purification plant usually comprises a filter screen through which the 
air is drawn and a mixing chamber into which ozone is introduced from the 
ozoniser to partially sterilise the air, and at the same time enrich it with a minute 
quantity of ozone (one part ozone to one million parts of air). From this chamber 
the air is distributed to the various parts of the building, etc., to be ventilated. 
Such installations have been erected by Ozonair Ltd. in England and by 
Siemens & Halske in Oermany, for the ventilation of large public buildings, 
factories, hospitals, etc. The method is also found to be particularly useful for 
sterilising the atmosphere of slaughter-houses and warehouses in which food of all 
descriptions is stored. 

One of the tube railw.ays in London, the Central London Railway, has recently 
been equipiicd with an ozonising installation (Fig. 14). The supply of fresh air is drawn 
from the outside through a filter k consisting of a gauze screen, where it is washed 
by atomised water, and its temperature somewhat reduced. A small proportion 
of the air is dried and passed into the ozoniser o, whence it is drawn into the 
mixing chamber m where it meefe the remainder of the still moist air, and the 
whole is then passed on by ducts a to various parts of the tube, c shows the 
converter, t the transformer, .and k the electric motor for driving the fan. 

For household purposes, small portable ozonisers, comprising k transformer, 
motor, fan, and ozoniser, are upon the market. 

Miscellaneous Applications. —In the brewing industry, the introduction 
of ozonised air into the fermenting chambers is found to have an invigorating effect 
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upon the yeast, probably by reducing the number of bacterial and other organisms 
which prey upon it. Ozone is also employed with advantage in the sterilisation 
of casks, pipes, etc., and during bottling of the beer. 

Ozone is employed, too, in the commercial manufacture of vanillin from iso- 
eugenol, and in the production of artificial camphor. 

Its bleaching properties have found application in several directions, such as 
the decolorising of oils and fats, sugar, etc., and in the bleaching (.)f delicate fabrics. 



I-IG. 14.—Ozonisiii); InsUallatinn for Air Treatment of the Central Comlon Railway. 


If has been utilised, in addition, for the bleaching of flour, but the effect is now 
found to be produced by the o.xides of nitrogen or hydrogen peroxide present and 
not by the ozone. 

In llie seasoning of timber, leather, tobacco, tea, etc, as also in the maturitig of 
spirits, ozone finds useful application. 

Ackrtowledgment. —The authoi desires to express thanks to Afcssrs Or<mair Ltd. for per¬ 
mission to reproduce Fig. 14 from one of the several booklets on the subject which they arc willing 
to supply. 
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INTRODUCTION 

Natural waters may be distinguished as rain water, spring and well waters, brook 
and river, pond, lake, and sea waters. These various waters are so diverse in 
character, and must be subjected to so many different processes before acquiring 
economic value, that for simplicity the subject will be treated under three main 
headings, viz.:—drinking water, feed water for boilers and other technical purposes, 
and effluents including sewage disposal. 

Chemically pure water is unknown in nature, although rain water, after a 
steady downpour, approaclies the ideal most nearly. Rain carries down dust 
particles from which minute amounts of mineral constituents are extracted, while 
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certain dissolved gases (nitrogen, oxygen, carbon dioxide, ammonia, nitrous and 
r.itric acids) are usually present. In the neighbourhood of manufacturing towns, 
sulphuric and sulphurous acids are of frequent occurrence. 

Koj; i*. clireclly due to dust p.trticles, since nir filtered thrtjujth cotton wool has no tendency 
tow.-irds fog formation, and iji Hcrlin there are strict regulations against atmospheric pollution by 
chimneys fdr the prevention (ff fog. 

Rain Water has been the subject of exhaustive researches at Rothamsted 
since 1852, and N. H. J. Miller has collected these observations together in 
an important communication (see Journ. Agric. Sue., 1Q05, p. 280). The following 
is the average compo.sition : NH^ 0.440, N„Oj( + N/),) 0.183, Cl 2.2, SO,, 2.6 mg. 
per litre. 'I'he iinnual variation of the separate constituents depends very 
probably on the rain distribution. A clear difference in chlorine content was 
shown between the rainfall in summer and winter (1:2. 3). 

Accoiding to Sclviiic, hydmgcn itcroside is a regular constitucnl of rainfall ( 5 ., 26, 3011 ; 
27, 1233), while 1'aufmann states that rain is ahv.tysraditi-active. Micro-organisms and their spores 
arc also always present. 

Ground Waters, which have had prolonged contact with mineral sources, 
contain dissolved substances in amounts varying between wide limits, which 
owe their presence mainly to the dissolved carbon dioxide in the water 
derived from the soil and tiir. .Ml spring water, therefore, contains calcium 
and magnesium salts usually as bicarbonates, since the carbonates themselves 
are insoluble and are converted by the carbonic acid water into the former; 
smaller amounts of these metals are also usually present as sulphates. Sodium 
and potassium salts may similarly be in solution as sulphates, chlorides and 
silicates. Waters containing a certain amount of inorganic impurity are termed 
hard, and the process resorted to for their purification is called “ water-softening.” 

The qiiantitv uf organic- matter present in a purely natuial water usually \ery small compared 
with that of tlu* mineral constiiuents, since in the upper earth layers, wliieh are porous and filled with 
jx\x, ready (>\idati'*n takes place. Water passing throuj;h peat) and turfy Uuers is characterised by 
its high organic content and by the presence of iron as vegetable acid compound, bicarbonate, 
or phosphate, such water having a peaty smell, an acid taste, and freijiienil) reacting acidic to 
litmus. 

Spring Waters vvhich contain large amounts of dissolved substances, or 
possessing a higher temperature than their environment, are known as natural 
mineral waters. Very many springs are radio-active, generally containing dissolved 
radium emanation, and, in spite of the gaseous tendency of the latter, thermal 
springs are generally more active than cold. The medical effect of such springs 
may probably be bound up with the expulsion of this emanation. 

River Water as a rule is softer than spring water, since aeration promotes 
liberation of carbon dioxide with consequent decomposition of the biearbonates 
and precipitation of the almost insoluble normal carbonates. According to the 
rate of flow depends the amount of suspended matters, such as fine particles of 
clay, mica, (juart/!, animal and vegetable substances, etc., vvhich are carried along. 
In general, rivers have the maximum dissolved content at low water (i.e., in summer) 
and the minimum of suspended matter. They tend to purify themselves, but for 
this purpose require a longer course than obtains with the majority of English 
rivers. 

The factors bringing aboul self-purification arc a.s follows:— 

1. Evaporation, which aifects all the succeeding influences, and by which ammonia i.s lost. 

2. Sedimentation, which in sluggish rfvers gets rid of suspended matter and also bacteria. 

3. bight and electricity, which according to II. Buchner destroy bacteria up to a depth of two 
metre.s. In this connection ultra-violet light also destroys germs (.see later), while the formation 
of hydrogen peroxide has been observed. 

4. Purely chemical decompositions, which are generally brought about by factory effluents, 
these neutralising free acids and alkalies; heavy metals ate precijatatcd by the carbonates and 
bicarbonates of the river water, c.,;'., Mgri^ from potash salt deposits can bring aboul manifold 
jlransforinations. 

5. Direct oxidation, whereby sulphuretted hydrogen, sulphides, and ferrous sails are removed. 
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Whether oKidalion of the carlwn-nitrogen compauniU takes place without the aid of micro-organisms 
has not yet been established. 

6. Biochemical and purely biological processes. These play a profound part in the self* 
purification of riveis. 

The other sources of natural waters fall outside the scope of this article. 

The purification of natural waters depends upon their character, the object 
for which they are required, for drinking, trade, boiler feed, or agricultural 
purposes, and the quantity to be delivered. 

DRIN'KING WATER 

Pure water is unsuitable for drinking purposes owing to its stale flavour and 
smell, the palatable qualities being due to tlie jrresence of small quantities of salts, 
especially sodium chloride and bicarbonate of soda. 

Ac ('rtr<iin(; 1 y rain water is generally rejected as a ilnnKing waicr, eillier on acrounl of its insipid 
lasie il pure, or its liahilirv to cinit.rnunation, and when necessiiy compels its use the collecting 
surfaces .ind storage sessels should he kejil as clean as possilile. 

The best drinking water is furnished by hilly and mountainous districts, where 
the small running brooks are richly charged with air which oxidisc.s organic matter, 
and thereby firomotcs its removal. 

'rile value o( this kind of water is testified to In tin ant lent .npieducts which often conveyed 
watci for miles from hilly distitcl.s. 

A very usual source of supply is ground water, of which spring water 
constitutes the best variety, being safer than that from wells. Both spring and 
well water must be preseived against jwssible contamination, either by extraneous 
introduction or by inefficient earth filtration from cesspools, sewers, etc. 

In the viemMy tif a densely ]n)pulalcd disirul, a well water will seldom cfiinply with these 
rondiiions. Artesian Wells supply veiy poofl drinking water if drawn from a sulficicnt depth and 
frf»m a good snbstr.itum, since the water is alnio->t bacteria-free, owing to the earth filtration, and 
requires no fuiiliei purification. 

Drinking water should be clear, colourless, or nearly so, and of a pleasant taste. 
Unfiltered, stagnant, or surfaci; water is unsuitable for drinking or domestic 
(mrposes, since the danger of infecting impurities is ever present. 

A serviceable water supplv, free fiom hygienic objections, should not be subject to large tempera¬ 
ture Hucluaiions, while thetc should be an absence of organic matter in large quantity and of 
clilorkles, sulphates, carbonates, nitrates, and nitriles, especially of the alkalies and alkaline earths, 
in the neighlfourhoud. A litre of drinking water sliould not give a residue exceeding 500 mg. on 
evaporation, and if the amount is giealer, then the geological nature of the district requires 
inspection. 

Large fluctuations in composition and sudden turbidity are indications of the 
presence of infection, danger, or of unpalatable impurities. Water otherwise 
dangerous may, however, be purified by suitable filtration, and many towns are 
compelled to use filtered river water, London, Altona. 

Humus substances imparl to the water a ycdlowish or yellow ish-hrownish .shade which is 
permanent on standing, m contrast to turbidity caused by susjjended inijiurilies \vhich disappears, 
either whole or pari, on .settling. Clay causes a yellowish or greenish coloration, ferric hydroxide 
precipitated hy air a reddish-brown, alcium carbonate a white, and metallic sulphides, such as 
those of iron or lead, a black colour. Very finely suspended matter may pass through good filter 
paper. Kecenlly collected spring or well water almost always shows a weakly acid reaction, due 
to presence of free carbonic acid. 

The hygienic valuation of water is based upon data obtained from an examina¬ 
tion of the supply conditions and the results of jiliysical, chemical, microscopic, 
and bacteriolftgical examinations. A thorough geological survey of the gathering 
ground must be made. The cause of any turbidity must be closely investigated, 
and if due to finely divided clay or other mineral debris it is not injurious to health, 
although unpalatable; should, however, the cause be introduced impurity, then the 
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water stands condemned for drinking or domestic purposes as a probalile source of 
infection. An unpleasant smell or taste is its own test, while poverty in bicarbonates 
or free carbon dioxide, though not unwholesome, diminishes freshness. Water is 
unpalatable above 15° C., and at the other limit ice-cold water may be injurious. 

While soft water is required by most industries, a medium hardness of 
i 8°-25’ is most suitable for drinking purposes. 

Almormal hardness often indicates the tiecay of organic matter in the soil, whereliy carbonic 
and nitric acids arc formed which contribute consideraldy to the solvent action. 

Chlorine should only occur in drinking water to the extent of a few milligrams 
per litre, and should a much larger quantity be detected, contamination by urine 
or domestic refuse is at once suspected. 

Common salt, liowcver, is occasionally added to well water in considerable (juantities to 
imjirove it. 

Usually the sulphuric acid content is small, but nitric acid when present 
is under suspicion, since it is the final oxidation ))roduct of nitrogenous organic 
matter. 

A larger amount than 10*12 mg. per litre should not be passed, cspcciall) if the normal water 
of the di'-trict be nitrate-free. 

If I mg. or more per litre of ammonia or nitrous acid be present, pollution 
by decaying nitrogenous matter is indicated, and therefore possible infection, 
although here the local circumstances should be examined as considerable 
quantities of ammonia may be present from non-polluted sources. 

The oxygen consumption value of pure spring water seldom amounts to 
more than i c.c. of N/ioo KMnO^ solution, and if pure well water to 1-2 c.c. per 
litre, so that rapid absorption of permanganate is an exceedingly unfavourable 
indication. 

Here, liowever, a water may imly be rejected for drinking or ilomeslic purposes if nitrogenous 
organic mailer Ls also present as shown by the determination of the albuminoid ur proteid 
ammonia. 

Albuminoid Ammonia h the name given to that evolved when a measured 
sample of water is distilled with a .strongly alkaline K-MnO^ solution, and gives an 
idea of the amount of nitrogenous organic matter present. In a simpler manner, 
oxidation by potassium persulphate in acid solution, and determination of ammonia 
colorimetrically, thus avoiding a distillation, gives the proteid ammonia. 

These dctcnniniUions do not, however, permit of the abs«>lute amount of nitrogenous ifrg-aiuc 
matter present being calculated, but serve as a guide to the proportions of tliese substances. These 
two are among the most impirtant chemic.al methods of csaminatifin, since estremcly mmute 
traces of substance of animal origin present can lie detected with certainty Ijy tlie (irotcirl 
ammonia test. 

Ammonia and nitrous acid are not only present in rain water, but arc formed 
by the reducing action of micro-organisms on nitrates; if, however, more than 
traces of albuminoid or proteid ammonia are found, decaying or unchanged nitro¬ 
genous organic matter is certainly present, and almost sure to be of animal origin. 

While the determination of aibununoid ammonia requires sctuinilous care for reliable results, 
that of proteid ammonia is easy and give.s the following criteria: pure natural water contains no 
proteid ammonia, and therefore any quantity present may be considered an index of the amount 
of nitrogenous matter to band. When more than o. l mg. per litre occurs, the water is open 
to criticism from a hygienic standpoint, while 0.2 mg. per litre is the maximum allowed. The 
same conclusions may be applied to ihe'-albuminoid ammonia. If reducing power be considerable 
in the absence of albuminoid or proteid ammonia, either organic matter of vegetable origin only 
is present, or the decay of organic animal matter has reached its limit,, and the water has experi¬ 
enced a certain degree of self-puritication. 

Phosphoric Acid being only present in traces in pure natural waters, any 
appreciable quantity indicates pollution, since the excrements of men and animals 
are comparatively rich in pliosphoric acid. 
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Lead is always injurious, and water containing more than i mg. and over per 
litre must be described as poisonous. 

, Water comparatively rich in bacteria must be avoided whenever possible, and 
those with abundance should be condemned. 

Lunj^e slates that since ihc absolute number of bacteria in water vai ics so much, serious mistakes 
may l)e committed if the water be judged on this alone, ('ounling the bacteria is ciiiefly employed 
for controlling the efficiency of purifying [)Lint, filter beds, etc. 


PURIFICATION METHODS FOR DRINKING AND-' 
DOMESTIC \VATI':R 

For the purification of drinking and domestic water, sedimentation in large 
re.servoirs followed by filtration is the most usual method. During the settling 
process there is an almost complete removal of suspended mineral matters, and 
with them a large pro|)ortion of living organisms, while o.xidation of the dissolved 
organic matter takes place; unfortunately, I he dejiosited bacteria continue to live 
and multiply in the muddy sediment, unless this is removed at frequent intervals, 
thereby necessitating regular periods for cleansing with additional reservoirs for 
the niaintenanre of the service. 

Id this ronneetian di-cj' uell N\.itcrs arc imt impioved by'slDi.igc, but aie belter deliveied a<k 
pumped pnaided lhc\ aie cliMr, which is almost alw.!)' the case after the well h.is lieeii worked for 
sometime. .Since julhogenic and othei hacleii.i multtj*l} in tliese w-aleis with gieat r.xpidity, they 
should he keixt in closed leservoiis wlu-n slor.ige i-. al>>.oluleIy necessary, .as m the case of the Kent 
Gi. at Ueptlord. 

• For small house filters the usual filtering media ate kieselguhr, asbestos, 
porous earthenware plates, spongy iron, coal, etc., while Kirkeland has used 
kjeselguhr for large qiianlilies. 

On the large scale the blow sand filtration process is still the most 
complete method for purifying .surface water, and offers the greatest security for 
retaining infcc'ious germs. The general construction has not altered much of 
late years, and whether open or closed depends on the local frost conditions. 

Fiery lilUT must lie cimstiueteil with lee.ircl tn ihe r.Ue of iiassage, over-pressure, and condition 
of tile filtrate The leloeili ofliUialion should he unilorni and secured air.iinsl sudilcn fluctualions 
and interruptions. The pressure must not he 1,’real enou(;h to hreak the up|)er slimy layer which 
forms on the surface of the liltei, .ind the hmils must he delermincd by haeteriological cuntrol, while 
the thickness of the sand l.i}er must he at least so consider.ihle th.it on cle.insing its efiiciency remains 
unimpaired. 

The action of the sand filler depends on the formation of a slimy layer com¬ 
posed of firicly divided clay, alga?, etc., in which the mam purification of the water 
lakes place. Here a felted mass of bacilli and strei)tococci are entangled in a 
gelatinous layer of the /oogltea colonies of micrococci together with the alga;, and 
a sand filter cannot attain its maximum efficiency until this jelly layer has been 
produced. When once formed, however, the purification proceeds by the action of 
the nitrifying organisms immediately below this film. 

In time the filler iK'comes clogged ;ind it is necc'.sar) to skim off the surface layer and prepare 
a fresh coating of sand ; the filter then require''several days before again resuming its activity. In 
America where considerable progres.s has been made in water technology, sand purification apparatus 
are installed on the filler itself. If a filter be alloweil to act fin too long a period, a gradual growth 
of the surface bacteria through the filter bed ensues, and, the eflluent \ hereby l>ecoming contaminateil, 
necessitates the complete renewal of the whole filter bed. At Hamburg and Iterlm, where Koch’.*^ 
limits are adopted, no water is .allowed to j)ass through a filler at a speed exceeding lOO mm. (about 
4 in.) per hour. The London filler l)eds usually consist cif a Itycr of sand 2*4^ ft. in thickness, with 
gravel and stones below. The daily rate of filtration should not be more than 2 million galls, per 
acre. The sand filter cannot be relietl upon to remain unfrozen in America, and tlie Mori^n-Je^ell 
Filter Co. of New Fork use a film of gelatinous alumina for the slimy organic film of ordinary saml 
filtration. 

The disadvantages of sand filtration are: the large space involved, the frequent 
cleansing, and the slow action. 
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Recently a large number of improvements have been made, and quick 
mechanical filters have been introduced for dealing with the water after it has 
first been sedimented for removal of the coarser suspended matters. It is also 
fre(]uently necessary to assist the settlement of the fine jrartieles by means of the 
addition of sulphate of alumina, iron, salts, lime, etc. 

I'hi' characteristics of these filters are the 40-50 times fillrttlion velocity of the sand process, the 
Small extent of filter surface, and the purificatitmof the whole filter material in the chamher by means 
of mechanical equipment. The material of the filter tanks is almost exclusively a uniformly coarse 
qiiatta sand, which is packed vertically in relatively small cylindrical tanks of wood, iron, or 
concrete. • 

The filters arc constructed in two systems, an Open gravity and a closed 
pressure type. Innumerable jiatents have been taken out for quick filters, the 
following being descriptions of Reisert’s patents, as sujrplied by Messrs Royles 



l''io. I.—Rcisert's U.apitl Filler in operation (vertical section), 
(,l/< tsrs Rfiy/es L/iL, Irlam^ mar Manchester.) 


Ltd., of Irlam, near Manchester, for whose kind (lermission to (lublish the author 
here returns his hearty thanks. 

A descriiition will now follow of an air-cIeansed type of a Reisert’s rapid 
filter, specially suitable for drinking water and water for manufacturing purposes 
in large (juantities. 

Since the filtration of water is in itself a cumm(^n (qieralinn, the superiority of one filter system 
over another will dei>cnd larjjtly ujum the rate of filtration and the method of wasliing out the filter 
bed. In the construction of the Kekert Patent Filter to Ire used lor this purpose, an important 
adjunct is a speed regulator which ensures a con.stantly «]ual .speed in the rate of filtration. To 
effect perfect filtration of the water, it is important tliat there should lie a uniform S|ieed of filtration 
regardless of the state i f the filter bed. If this is not jirovidcd for liy some mechanical device, 
there is certain to he a much higher speed of filtration after the first washing'"out of the filter on 
account of the reduced resistance, which impairs the efficiency of the filter. A.s the resistance of 
the filler increa.ses owing to the accumulation of mud, the quantity of water delivered is reduced 
unless some means are provided for increasing the pressure on the filtering material. All this is 
perfectly effected by the Keisert Speed Regulator, which cnahlcs a constant amount of water to be 
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delivered hy ihe filler during all slates of the filler bed from ihe moment of cleansing to the time 
for cleaning out. 

The cleansing is also carried out in the shortest possible time and with the smallest amount 
of washing water. The usual method of washing out filters of this type is by some mechanical 
stirring device intended to disturb the top layer of the filtering material, and which takes place 
simultaneously with the reversal of (he flow of the water through the filter. This is a relatively slow 
process, and the filler lied by such an arrangement is never ihortiughly cleaned. In the Reisert patent 
the cleansing is efi'ecled by a strong lack Wiish operation, rousing up the whole filter bed, and to 
effect this promptly and in the most thorough manner use is made of compressed air by which a 
large volume of water is forced liackwards through the filter bed. Usually not more than twenty 
sccond.s are re<julred hy this cleansing method, and the filter bed settles down, again delivering 
absolutely pure water. It would be impossible to effect (his thorough cleansing by any of the 
ordinary wash-out operations owing to the excessively large pipe sections and valves required, but 
by using compressed air for the purpose of forcing the water through the filler Iwd, a very .small 
ratio of air pipe section suffices as comjwreJ wi.h the water pipe section necessary to supply the 
-same ([ii.antity of water under ordinary conditions. 



hii;. 2.~Reisert’s Rapid Filler during washing-out process. 
{Missrs Kojr/cs l./if.t ueat Manchester.') 


Figs. I and 2 show in vertical section a filter element resting on a concrete 
foundation, viz., Fig. 1 in operation, and Fig. 2 during the wa.shing out. 

Fig. I— Filter in Operation. --'Fhe filtering medium f of fine granulated 
quartz rests in a cylindrical holder on a filter floor Q, consisting of perforated zinc, 
and bronze wire cloth laid between. The crude water flows through the valve a, 
and the throttle valve i, into the annular space formed by the slanting zinc sheets 
M and N from whence it flows even on to the filtering material without dis¬ 
turbing its upper portion. After the crude water has penetrated through, the 
filtrate passes into the pure water cistern k, through the annular space created 
between the cylinders c and d, from whence it flows out through the bend b and 
the regulator e. 

Fig. 2— Wasking out of the Filter. —The patented regulator e is arranged 
for the desired cap.acity, so that the filter speed remains constantly equal from the 
commencement after the washing out, until the maximum amount of mud has 
accumulated. This regulation is extremely important for obtaining the most satis¬ 
factory results. The float 6 placed above the filter bed regulates not only the 
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crude water feed by means of the throttle valve i, according to the capacity 
arranged by the regulator e, but it also closes the regulator e by the corresponding 
motion of the rods h and w, so that the water surface can never sink lower than 
the filter top layer. 

'I'he vacuum meter x indicates the degree of resistance of the filtering material. 
If such an amount of mud has been accumulated that, in spite of the now quite 
opened regulator, the filter pressure is no longer sufficient for the capacity, then it 
is time for washing out the filter. 

To eft'cct ibis the ihrotlle miIvc i f(»r the crude water feed and the re^ndalor ic are closed hy 
means of tlie .screw spindle placed ah(»ve the lever ii. which moves downwards llie throttle valve- 
rod V and the regulator rod w, after which is opened I he air valve l„ wnich is in connection with 
an air chamber. The inflowing air presses the pure water in the cUtein k in the directions of the 
arrows, and drives it with great rapidity through the filtei material from huttoni to t<»p. The water 
draws with it all the mud and plunges through the cylinder (' into the cluunhei /, whence the 
mnddy water flows out through the outlet s. At first the whole tillering material lifts up and then 
falls hack through the pure washing water slteaming up towards it, tliereby freed from all the mud. 
'riiis process lasts .ibout twenty ser«mds. Through the letting in of gieatcr or lesser <iuantilies of 
air, it can be arranged to use any desired amount of washing watci. If n(> other arrangement is 
made, the amount of aii as a rule <lepends on the amount of pressure in the air chambei. wliich is 



Elo. 3.—Royle's Gia\i(y Filter in operation. 


readable on a manomcler. After the closing of the air valve, and the slow oj»ening of the throttle- 
valve and the regulator, the filter again comes into operation. The air escapes gradually through 
the small valve K, whereby the pure water chambei slowly fills again. Duiing tlie filtering periiwl 
the attendant imislre till the air chamber, which is .suflicienl for a battery of any numl>cr of filters 
up to twenty filter elements. 

Messrs Roylcs also make an air-cleansed type of gravity and pressure filter 
for the clear filtering of muddy or turbid river or canal water for bleaching, dyeing, 
wool scouring, milling; also for silk manufacturers, cotton spinners, cellulose and 
pa])er mills, sugar and starch works, and all industrial purposes. 

The filter consists of an open or closed cylindrical vessel (Figs. 3 and 4), in 
which perforated plates support the filtering material, which consists of fine gravel. 
Fig. 3 shows the apparatus when working, and Fig, 4 during the cleansing oixiration. 
The crude, muddy, or dirty water enters at a, passes through the gravel from top 
to bottom, and is discharged^ crystal clear at ii. When the filter is very dirty, so 
that a perceptible falling off in duty is to be noticed, it is time that the gravel was 
cleaned. 

l-'nr this purpose the supply is shut off at A, the mud outlet openoil, anil if. the rase of a closed 
filter, the air-cock. The steam valve D is opened, putting the air injector I. into operation, and 
simultaneously the valve c. The compressed air is evenly distributed by [rerforated pipes over the 
whole of the underside of the filtering material. The air forces its way up through the gravel 
which is violently agitatetl, and by allowing the clear water to flow backwards through the filtering 
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material in an iipposite ^lireclion to that taken when filtering, a most effective and efficient cleansing 
is obtained. There exists no possibility of the filter being only partially cleaned (unlike *‘rake^‘ 
arrangements which require j)Ower, and plough channels in the gravel, only affecting such parts), 
the whole being stirred and agitated from the bottom with equal violence over the whole area. Tire 
mild is thoroughly loosened and carried away by llie l»ackw’aid flowing water to waste. Air 
escajies l>y the air \alve on the lop of cover in j)rfssure filters. Tlie air is forced under the filter 



1 HI. ![.— Koyle's (jravity hijtcr, clc.insing operation. 


for two I'l ihicL* niinntcs, the ‘'team '‘upply slmt oti, wliile still tillowing the water to flow 
baclsW.iriK. As soon as the cleansing water discharging by the mud outlet is clearer, the clean 
water supply is shut oil. The air cock and imid outlet arc closed .vnd the supply v.dvc A opened. 



tlius making the filter leady for further use. Tlic cleansing occupies about five minutes, and should 
bo done once per day. 

The capacity of the filter is naturally dependent on the original condition of 
the crude w*ater. Should it not by ordinary simple filtration be possible to filter 
the water clear enough, or should it be necessary to remove any colour, then a 
medium must be employed whereby the infinitesimal small particles are made 
capable of being arrested, />., filterable. The means of obtaining in all cases a 







l66 


IND US TRIAI. CHEM IS TR Y 


perfect, clear, colourless filtrate cannot be given haphazard, they being dependent 
on the condition of the crude water and the purpose it has to fulfil, as also the 
choice of filter to be adopted. 

The high pressure type of filter is constructed for pressures exceeding 
30 lbs. per square inch, up to any working pressure required. It is constructed of 
mild steel shell of suitable design to withstand the delivery head (see Fig. 5). 

This tyj>e of filler is designed where the filtered water requires to he elevated to a considerable 
height without dcmblc pumping. It is also suilaide for working for considerable periods before 
flushing. By this means the su.sj)ended matter collects on the top f>f the filler l)ed and provider 
an extremely fine filtering metlium, giving most excellent results and jerfect clearness of the 
water. As the deposit accumulates the pressure rises, and when this reaches the safe working 
pressure the filter is shut oflf and cleaned similar to the open tyfx.* filler descrilied previously. 

The construction of the filler is as follows t At the bottom of the filter perforated copper tubes 
arc arranged, of uniform pitch, over the entire surface. These are secured to a cast-iron header 
having suitably tapped holes for the reception of the lul>e.s. At the lop of the cast-iron header a 
series t)f no/z.les are arranged so as to agitate thoroughly the centre of the filter when cleaning, 
The t^erforated cojiper lubes are Ircdded dtiwn on suitable supports fixed on a concrete bed. 
Coarse spar is placed on the jrerforated tubes, covering these to a depth of u few inches, and on 
the top of this fine granulated quartz is placed about 2 It. 6 in. deep. The crude water enters at 
the side of the casing near the lop, and is (li^u•ibuled over the filler bed by a conical cast-iror 
spreader. A coj^per gauze gravel-catcher is fitted on the top of lhl'^, so as to [>revent any of the 
quartz passing over when cleaning. After passing througli the filtering material the water enters 
the perforated copper lubes and flows as perfetily clear water to the outlet. Steam and ai> 
inject(»rs, also flush water valves, arc provided for thoroughly cleaning out. Messrs Royles state that 
over 4,500 are in .actual use, gi'ing entire salisfaclion. 

Two methods much in use for the purification of drinking water are dis 
tillation and sterilisation by heating. Since distilled water attacks .almost af 
metals except silver, gold, and platinum, Bohemian glass is chiefly used foi 
laboratory distillation purposes. A single boiling is sufficient to free the water fron 
disease-carrying organisms, and several forms of apparatus have lieen designed tc 
deliver large volumes of water sterilised, but these are obviously inapplicable for £ 
town’s supply, and so other methods of sterilisation will be considered. Such fal 
into two main classes, according as to whetlier the action is cliemical or pliysical. 

CHEMICAL METHODS OE STERILISATION 

'I’hese may be divided into three classes, viz.:— 

1. 'I'hose which bring about a chemical precipitation. 

2. Such additions as bring about Ihe oxidation of organic substances, aik 
simultaneously their disinfection. 

3. Such additions as destroy bacteria, algae, etc., or inhiliit their growth. 

I. FURIFICATION BY CHEMICAL I’RECIITTATION 

The chemicals chiefly used aie the salts of aluminium, iron, and copper 
calcium carbonate with and without lime or sodium bicarbonate, lime alone 
and also sodium chloride. The action consists in the direct precipitation of the 
dissolved substances, also in the separation of such suspended particles as are 
difficult to remove by sedimentation or filtration, such as clays, colloids, kicteria, etc 
Indirect precipitation is frequently employed, whereby two compouneJs are causec 
to interact, producing an insoluble thirel which carries down the impurities ir 
a fiocculent precipitate. These methods, in combination with quick filtration, have 
been largely ust-d for the purification of surface waters, particularly in America. 

The choice of tlie precipitating ,material depends on the nature of the water, .and also on tin 
market price of cliemicafs. Aluminium and iron salts are itarticularly efficient for producing 
flocculeni precipitates. To avoid using potassium sulphate, e.g., in alum, artificial atuniiniun 
sulphate, guaranteed arsenic free, i.s employed. Kxccss of sulphuric acid in very .soft waters must hi 
neutralised by sodium hicarltunate or lime. Iron salts, e.g., ferric chloride,'were earlier recom 
mended, with addition of lime or sodium bicarbonate, but here the two solutions must be weighet 
out accuralcly, otherwise the water may contain too much dissolved iron or .acquire an alkaline tasli 
hy excess alkali. In Anderson’s |irocess the wtiier is placed in a revolving purifier which contain 
numerous small pieces ofirt.n, afterwards being aerated and lilteied. 
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In this connection space might be devoted to the excess lime method for 
sterilisation of water, concerning which Dr Houston’s reports to the 
Metropolitan Water Board are extremely interesting. Dr Houston formerly 
recommended storage as a method of rendering London Thames water safe, 
since pathogenic organisms commonly disappear in water when kept, but 
storage must not be less than two weeks, and might, with advantage, be one 
or two months, I.ater, he reports that despite the remarkable improvement 
effected by storage, it seems unwise to trade too greatly on the circumstance if 
any practical remedy, even of a partial kind, is available. He finds that quicklime 
(about 75 per cent. CaO) added to raw Thames water in the proportion of 
one part quicklime tf) 5,000 parts water kills B. coH in five to twenty-four hours, 
and proceeds to carry this method out on a large scale. 

In his eiglilh report of Feb. 1912, he reeonls’fnrlher experiments on quicklime as a steriliser for 
water, and .summarises its disadvantages and advantages with a strong balance in favour of the 
latter, lie slates that “its complete fulfilment would raise the purity of the Metropolitan water 
Mi)>|)ly to a i>itch of perfection never before attained by any waterworks authority in the world, 
dealing with sources comjKirahle with those of I.,ondon.” liis summary at this stage is “ 15 lbs. of 
quicklime cfisting i^d. would be added to 7,500 galls, of raw unsiored Thames water. This 
would kill lire B. colt within twenty-four hours, and inferentially, but certainly, tlie microbes also of 
epidemic water-lKrrne disease, the typhoid bacillus. 'The water would also l>e improved con¬ 
siderably as judged by chemical and physical staiulards. The excess of free lime (about .007 |)er 
cent.) would then have to !)C neutralised witli 2,500 gulls, of a»leqiiately stored water, which, 
according to all his experiment.s, would not contain any of the microbes of epidemic water-borne 
disease. Kapiil filtration alone would then l»c rcspiired to remove the precipitate of inert carbonate 
of lime.” While admitting that the di.sadvantages of the excess lime method, grafted on to an 
existing water ]mrification, are many and seriou.s, lie state.s that the mere co.st of lime would 
probably be about ilorililc that of the present sand filtration. This excess lime idea is somewhat old, 
h.iving been jiraclised at Canterbury since i860, and at Southampton since 1888, while it is well 
known that water after lime ireatmenl is slightly caustic, h.as a deficiency of carbonic acid, and is 
aj'l to give aflcr-troublos in the shape of lime de[)osils in the pipes, pumps, and conduits. On the 
other hand, the hardness of water within ordinary limits has practically no influence on the health of 
consumers. 

II. PURIFICATION BY OXIDATION 

Reichel found that hydrogen peroxide destroyed germs in drinking water, 
but dilhculiies occurred through its ready decomposition. To remedy this, a 
30 per cent, solution of perhydrol (which may be a mixture of the peroxides 
of sodium, calcium, or magnesium, with w'eak acids such as carbonic, citric, acid 
tartrates, etc.) has been put on the market, but although stable, it is very expensive. 
Permanganates have also been employed with success. 

III. ADDITIONS WHICH DESTROY BACTERIA, Etc. 

Bleaching Powder was the first of these to be proposed, but has now 
been replaced in recent years by the hypochlorites of lime and SOda and 
by electrolytic chlorine. 

Ai'coriling lo kidcal, hyjN)clilf>rites are now used by .several hundred tow'ndiips :is a permanent 
or tcmjiorary feature of their waterworks scheme. Ideally the process cannot be considered so 
good as the sterilisation brought about by means of either ozonised air or ultra-violet light (see later), 
since, in the latter case, nothing at all is aiUled to the water, while in the former case the oxygen 
content is merely raised ; with the device of proper and regular controls, however, sterilisation with 
hypochlorites is more economical in installation, a.s well as in opeiation, than either of the other 
processes. In the United Slates the hypochlorite treatment ha.s made great progre.ss, and one 
town treats 30 million galls, per day at a cost of operation of 27.6 cents per million galls, 
(including chemicals, labour, and power), while another plant of 15 million galls, per day capacity 
is run at a cosl of 96 cents per million galls. • 

The method has proved its value in checking water-borne typhoid epidemics, 
and it may be stated that while filtration alone may remove 97-98 per cent, 
of the bacterid contamination, the hypochlorite treatment, in conjunction with 
filtration, removes 99-99.9 per cent., i.e., the chlorination kills the bacteria which 
the filtration has left. How much treatment any water requires previous to 
chlorination depends solely on the actual nature of the water itself. 
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At Cleveland and Erie it is used alone; at Jersey City and Baltimore with impounding reservoirs; 
at Nashvil’c and Omaha with sedimentation l)asins; at Des Moines with an infiltration system; 
with slow sand fillers at Davenport, and with rapid at Cincinnati; with mountain streams at North 
Yakima, and with well ^vaters at Corning. 

('. A. Jennings, of Chicago, in a paper at the International C4ingress of Applied Chemistry in 
1912, sliowed from statistiLs ih.il the general result of using hypochlorites is to decrease the numlier 
of typhoid cases by 65-45 per cent., and the numl>er of deaths by 50*50 jier cent. At Minneapolis, 
wfiere raw Mississipjii water was used without any treatment, the result of adding hypochlorites was 
to reduce the typhoid dc.uh-ratc OS per cent., which conclusively piovcs that water was responsible 
f<»r almost the whole of the disease, and that sterilisation overcame the infection. 

Since there arc now so many appliances by which the ratio of the sterilising 
agent to the volume of the water pumped from the river or drawn on by llie 
town can be automatically adjusted, llierc is no reason why any excess chlorine 
should ever he found in a public supply. Excess chlorine can be removed in 
part by Na..SC\, Na.,SA., and Ca(lISO;t).,. 

Similar additions nie electrolytic chlorine (hy Rideal), aqua regia, liquid^ chlorine, bromine 
in alkaline solution (Scluimlierg). and tabloids of sodium bromidcaiid sodium bromate lormed l>y 
dRsolvzng bromine in caustic soda, evaporating to dryness, and mixing with sodium bisulphate. 
Acetic acid and formalin have alsc) been lecommended, but all llieso methods arc only applicable 
on a small scale. 

Kecenih in America, Alexandria, etc., copper sulphate (1 in icxi.ooo to i in 1,000,000) has 
l>ecn proposed (C. T. Moure and 11 . !'. Kellerman, U.S.A. Dejil. of Agncullure, I904-1<)06). 

\’ery serious defects of certain waters are lead and iron Solvency. 'Flic 
former has generally liccn previmled hy iri-atmenl wiili calcium carbonate or 
lime, hut the !att(;r causes grave inconvenienee in certain districts, and in the 
United States has iieeii termed the “red plague” owing to the water lieing 
rendered unlicarahly ferruginous. Waters of very varying eomposiiion are liable 
to this evil and it has been connected with the growth of ('erlain organisms, 
especially of the genus Crenothrix. 'I'here can be no doulit as to the accessory 
nature of the odours and taste, and while covering the reservoirs to exclude light 
discourages a large number of species, it is rather favourable to others, and, 
moreover, is only applicable on a limited scale. Resort has therefore to he made 
to sterilisation, and in this regard copper sulphate (1 part in 1-50 millions), 
has long been known to he effective, hut has been restricted to emergencies owing 
to fear of its poisonous nature. Hypochlorite and ozone (see later) have b(jth 
•come into e.xtended use in various parts of the world, will; an c\))erience that 
their expense is not unreasonable, and that they solve the old difficulties and 
dangers. 

The different .S|)ccies of organisms requiK* for iheir iiricsi varving amounts of diloiine, an 
im|)Orlani point being that (he Wftrst tastes and odours are generally tlie niosi suseepldde. Kidea) 
found that avaiUhle elibuinc just in excess of that immeilialcly consumed hy the water, although 
disappearing in a few hours, mliibiieil confcrvoid growth for some weeks. Desmids were 
slightly more resistant, and in some of Kidcal's experiments the addition of some 0.5 part per 
million in excess of that immediately consumed by the water was re<jimcd. Diatoms recpiired 
about I part per million <»f chlorine in excess, 

Rideal cites the interesting ease of D. Leilch who has successfully combined several of the 
existing processes, and sujiplied a population of nearly 370,000 in the J'dianneshurg and Rand 
district with daily quantities of water lielw’ccn 7 and 8 million galls The source is mainly 
from shafts and bore-holes in the doleniite, witli some surface water and springs. 'J'hc hardness is 
generally high, averaging 18-19 l^arls per 100,000, of which 9^*10 are said lo he carbonate of lime 
and 7^-8 caibonate of magnesia. The supplies were ofien turbid and s<imetimes contained much 
iron, am<»unting frecjuently lo 2 parts ))er million, which encouraged ihc growth of “weed’’ 
fpresumahly crenothrix and other alga.-) in the mains. The water is suficned hy lime down to 
a mean of 14 parts per 100,000, and the growth of weed checked hy tlie addition of I part in 
3 millions of copper .sulphate. The ferrous irtm contained is then oxidised and precipitated, by 
flailing through perforated plates on io hods of clinkers. With a weekly cleaning, the iron is 
reduced to between 0.2 and 0.3 pari per million, which gives lu) further trouble. The total cost 
of the iron removal, including all capital charges, is about 5s. 6d. per million galls., and the 
chemical quality of the water is excellent. Tlie bacterial content is low, rarely more than ten 
organisms per cubic ceruimolrc growing at 37'^ C , Imt the use of a small quantity of chloride of lime 
leduccd the total bacteria to one or tw«) per cubic centimetre. The total cost of the works lias lieen 
about ^900,000 and the entire cost of the supply and treatment is given as 2s. per 1,000 galls. 
The water is sold l>y meter, and the whole scheme is a commendable example of thoroughness 
in treatment (sec Rideal, Chemical llWld, 1912). 
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Ozone Treatment.'— The most active chemical agent hygienically, and the 
one most free from objection for drinking water sterilisation, is ozone. * 

Experiuienls for ireaiing water on an industrial scale and thus making use of the known fact 
■of bacterial destruction by o/.ont*, were carried (ml in 1891 by hrohlich and Siemens, and an 
experimental plant was soon allcrwards elected at Martinikerfeld. The first installation on a large 
icale was erected liy Scbneller, \’an der lleen, and Tindal at Oudshorn, Holland, for treating 
Rhine water which contained from 5,000*1,000.000 Imctena per cuhic centimetre. This was 
followed l)> an ex])erimenlal plant at ihc 1895 H)gienic Exhiinlion at Raris, and hy an installation 
ne.ir Paris to sterilise 2 million galls, of water daily from ilie Marne. Siemens & llal>ke have aljo 
<rccted l.irge installations at I’aderhorn and Wiesbaden. 

The Pasteur Institute, the Koch Institute, and the Berlin Reichgesimdheitsamt, 
have each conducted experiments which conclusively established the complete 
sterilisation of water by o/onc, even on an industrial scale. It is essential though 
that the ozone meets every jiarticle of water, and various forms of aiiparatus have 
been designed to this end (see ]). 151 for diagrams and descriptions of these). 

'I'he amount of ozone needed for ensuring complete sterilisation varies naturally 
willi the charaeter of the water, hut averages about 2 g. per cubic metre (220 galls.), 
z.( ., at the concentration empkned a bulk of ozonised air ei]ual to that of the water 
for purification. Suspended matter must be absent from the water, and if organic 
m.atler, which hinders sterilisation, is present, a larger proportion of ozonised air 
may be necessary. .■\ like absorption of o/one takes place in tlie jiresence of iron. 

At the j'lcsc'iil lime mtirc lli.in lorly tnuns in Purope and .Vmciica liave adopted tins treatment, 
among ulndi art.: I'eliogiad (Siemens .k llalske, ll,ooo,(XX) galls. |>cr da)), Nice (OtKj, 
10 million galls. d.iiU), Philadelphia (Vosmaei, i million galls, from the Schii\lkill ri\er, whose 
watei mav simielimcs contain 2\ milhnn hacteiia ]>ei cubic ccntimetie). 

The cost must \ary accoidmg to ilic condmon of the waUi and si^'e of plant erected, hut for 
small mstallalions should nol exceed id. per l,cxx) galls., while for large «)nes ii may be le^s than ^d. 

Sterilisation of Water by Ultra-Violet Rays. —Although it is amazing to 
wUiiX extent water can he sterilised by well condurtecl slow sand filtration, which 
fulfils the doubh* purpose of clarifying the water and freeing it from the greater 
jiart of the muTohes it contains, yet hygit^nists are still demanding greater purity 
than the filters are usually able to supply. 'I’he previous methods described have 
been ’uorc or less disinfecting processes consisting of the addition of chemicals to 
the water, each of which acted in its own jieculiar way on the germs. The chemicals 
added to help filtration, the precipitants, have at limes nol a toxic, but a 
jihysical effect u])on the microbes, in that the iirecijiitatcs which fi>rm themselves 
inechnnit'ally drag the microbes into Ihc filter bed. 'I'he more recent hypochlorite 
and chlorine jiroccsses are having to make progress in face of a certain amount of 
aversion by the public to the idea that anything should be added to its drinking 
watcT. 

'Phe first eleclrit'al process pro[)osed for the sterilisation of water is that of 
o/onisation already described, and a later development along elet'irical line's has 
been the use of ultra-violet rays- 

Allh(sugh this is ilie l.iicst process, it is in reality the oldest, having existed in nature since the 
licginning oi lime; for sunhglu, wliuh is one of the moa powerful bactericidal agents know'n, 
accomplishes the larger ])arl of the natural purification of water. So far, the baetcricidal power of 
the sun's rays has been studied, le.ss in its relation to the prculuclion of a good (drinking w'aler, than 
in view of its action in rendering harmless the wa.sle waters of towns. It is ani:i/ing to see how 
rapidly a liver which is heavily polluted by town ellluenls is freed fiom its bacterial contents, and 
thereby rendered practically barmless to the health of the community. ()n the oilier hand, effluents 
Timnmg through sewers do not lose ihcir toxic elTects, thereliy furnishing a proof of daylight 
sterilisation largely due to the baeteiicidal effect of the ultia-violet rays contained in sunlight. 

Were this nut so, what other explanation could lie offered for the fitcl lhai in tropical countries 
where heavy cludcra epidemics arc breaking out from timfc to time, these epidemics eventually 
<lisappear without a)->parenL reason, in certain jiarls of India, where dead IkkUcs are thrown 
into llie rivers instcatl of burying or burning them, cholera epidemics only appear at lare intervals. 

The spectrum e>( sunlight is extremely rich in ultra-violet rays, but a great part of these are 
absorlicd by the air. The first study of their biological action was made by Finsen and his 
pupils, and applied for healing purposes, lupus. If it has taken scientists a long time to study 
this problem of artificially illuminating water in view of sterilising it, the reason is twofold—in the 

' h'or deseripiion and diagrams of apparatus, see under Ozone, p. 151. 
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first instance, Ireoausc until recently tlie phenomenon was not analysed ant! attributed to the 
•Itactcricidal action of ultra-violet light •, and secondly, powerful sources of such light have only quite 
recently been established. 

'I'he first proposal to immerse a mercury vapour quartz lamp producing ultra¬ 
violet rays in a current of water in view of sterilising it, is contained in De Mare’s 
Patent, 1906. It was not until about two years ago that this work was again taken 
up, chiefly in France, and by Messrs Henri, Helbranner, and von Recklinghausen 
at the Sorbonne University in Paris. 

The production of ordinary light is not always accompanied by a large output 
of ultra-violet rays, e.)'., gas and incandescent filament light are very poor in ultra¬ 
violet radiations. On the other hand, sources of light which arc Ira.sed on tlie 
incandescence of vapours seem to be exceedingly rich in this type of radiation, c.",. 
the incandescent vapour forming the surface of the sun. The sources of light 
based on the incandescence of vapours belong largely to the type of the electric 
arc playing between metal electrodes; e.g., I'insen has used the arc between irot> 
and similar clcctrode.s, but such a source has the inconvenience of not burning 
very steadily, and of requiring a regular feeding mechanism which moves thi: 
eleetrodes. In addition, Kinsen’s arcs throw off oxide of iron, or other metal 
vapours, which have to be removed from the source of light in order to avoid the 
obstruction arising therefrom. It has, therefore, been preferred to use metal arc.s 
which are fully enclosed and do not allow the metal vapour to escai)e. The 
typical metallic arc of this kind is the mercury vapour lamp, which is enclosed 
in a quartz container. This mercury vapour lamp presents an absolutely steady 
light, burning without flickering, and giving, under properly chosen conditions, an 
absolute uniform light of even strength. Besides, the lamps of this type have a 
very long life, and therefore present an economical source of ultra-violet light. 

The results of Henri, Helbranner, and von Recklinghausen with regard to the 
sterilisation of water are as follows: Water infected with B. coli is freed of this, 
under the influence of a 220 volt 3 amp. Westinghouse silica lamp within :— 

i second at a distance of 4 in. 

4 •. o S .) 

15 ” » )> 

30 .. 1. 24 „ 

The temperature of the liquid or solid to be sterilised has little influence on the 
speed of sterilisation. Fven ice, if as transparent as water, may be sterilised in 
practically the same time as liquid water. The action of the ultra-violet light is 
etiually effective, no matter whether free oxygen is present in the water or not. 

Thu sterilisation is not due to the production of hydrogen pci oxide in the waler. as the quantity 
of this hydrogen peroxide produced by the influence of the ultra-vitilet light is so small that it would) 
be impossiiilc for it to destroy the coli. The presence of hydrogen peroxide can only he iletermined 
by very ilirect methods after an exposure of water iluring hours to the ultra-violet rays, whilst the- 
.Sterilisation tai-es only a few seconds’ exposure. The bactericidal efibet, therefore, is exclusively 
tint of the ultra-violet lighi, and not due to any chemical action produced in the waler. 

The various classes of microbes are not all etiually sensitive to the ultra-violet 
light, just as they are not equally .sensitive to heat or chemical agents. The 
following are some comparative periods of annihilation : .Staphylococcus, 5-10 secs.; 
cholera, 10-15; coli, 15-50; typhoid, 10-20; dysentery, 10-20; pneumobacillus, 
20-30 ; subtilis, 30-60 ; tetanus, 20 60. 

It was found necessary never to interpose glass between the rays and the water, as 
glass is practically an absolute absorbent of the ultra-violet rays. Air has also great 
absorbent power, and therefore it is important to have as little air space as possible 
between lamp and water, although a small space is necessary s;i that the lamp 
should not touch the water directly, otherwise its temperature would be considerably 
lowered, and its electrical characteristics changed to such an extent that the light 
emission would be seriously reduced, and the sterilising action diminished. Or» 
the other hand, experience has shown that lamps which touch the water directly 
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(submerged lamps) are covered after a while with scale-like boiler tubes, which 
scale is impermeable to the rays, thus preventing the lamp from sterilising. 



Fk;. 6.--Slerili'>.Uu)n of VValer by UltraA’iolct Rays. The “ R.U.V.” Slcriliser. 

In some trial experiments bcfitrc designing llie R.U.V. steriliser, the water wa.s allowed lo flow 
in large quantities under several successive lamp?, of the Westinghoiise silica type. The lamps in 



Section Through ** R.U*V.” Steriliser. 
Type C. 3. • 


Fic. 7. -Sterilisation of Water Ijy Ultra-Violet Kays. 

• 

this case were placed on floats, so as lo Iw constantly near the surface of the water. The water 
channel was lo in. wide and 12 in. deep: the flow could be varied between 1,000 ant! 10,000 
galls, on hour. In a trial with water artiflcially infected liy a specially prepared emulsion of 
coli bacteria, tlie greatest effect was obtained by the first lamp, where 5,000 coli germs per cubic 
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c«*ntimelrt’ >\cre reduced tt) 100, and by ihc second lamp to zero. Taking ncctmnl of the speed of 
the water and ilic energy amsuined by the lamp, it was fouml that with 160-165 watt hours per 
1,000 galK. the infected water was absolutely sterilised. The water must be properly clarified 
before use. 

Tn the K.U.V. steriliser the water under treatment is made to flow past 
a source of ultra-violet rays, /.c., a mercury lamp. A number of baffle plates 
are arranged in such a way as to make the water pass several times under the 
influence of rays, therefore ensuring complete dcslruciion of the microbes (see 
fig- 7 )• 

Many prol»lf*nis of modern hygiene h;i\c been .solved by the use id perfeeily sterile water, and in 
dealing with these It is oficn desirable, and never ilisadvantageoiis, to retain the silts and gases 
which are in solution. This object is attained by the present system which does not precipitate 
the soluble salts, and in no way modifies the ]>h}sical and elicmical fju.iliiies oI the uater treated, 
only destroying all the noxious germs. Industrially such water can be omployc<l for tlie manu* 
facture of beer, artificial ice, and mineral waters, while it will rentier gre.it service for the wash¬ 
ing of bottles fur liijuitls such as milk, beer, cider, and vinegar. Rese.uch has .shown that the 
use of sterile water for the washing of butter has a marvellous etiect, the butter keeping for a 
month without suffering any deterioration. 

Solvent Action of Water on Lead. —In tiu- next se ction, various jirocesscs 
arc described for taking the haidness out of water so .as to render it suitable 
for industrial [lurposes. Now, for drinking puriioscs hard water is not di.s.agree- 
able except when certain limits arc exceeded, and it is well th.it such should 
be the I'ase since bard waters li.ive not the same solvent .iction on the lead and 
iron ])ipes as that possessed by soft water. Since lead iipies are chiefly used 
in household.s, lead being the most convenient metal available, a few words on 
the solvent action of soft water are necessary. Air-free water has no effect 
on lead and any action appears to be due to dissoixeil oxygen assisted by carbon 
dioxide, whereby the lead is first trans.^urmed into the hydroxide 

al’I. I ()., I - 2 l'l)(<)llb 

and then into the soluble bicarbonate Pb(()H),-l-at'O,-l’tj(H('()..)^. (Ihlorides 
and nitrates also iiromote solubility, while sul|)hate.s appear to exeit no appreci¬ 
able influence. Soft waters must therefore be treated when for domestic use 
through le.id pipes, and for this purfiose, caustic alkalies, and the carbonates 
and hicarboiiates of .sodium, c.ilcium .ind m.igncsiiim have been u.sed. 'I'o a 
less extent the lead pipes have also been protected by tinning, but it is more 
usual to make the water sufficiently hard as above, when it will pass through 
the jiipes unscathed. 

ri:i:D water for boilkrs and other 

TJW H X1CA L I'U R PO.S ES 

A good water for boilers should not attack the iron or form boiler scale. The 
iron is attacked by free acids, also organic humus acids, by fats which split off 
acids, by sulphuretted hydrogen, and other cliernicals. The greatest destruction 
ensues by rusting through the oxygen of the feed water, which action is appreciably 
promoted by the presence of salts, f..g., sodium chloride. 

Only alkaline waters such as soda, borax, etc., inhibit the tendency to rust. 
The boiler scale is due to the hardness of water which itself ensues through the 
presence of bicarbonates and sulphates of calcium and magnesium. 

The “hardness’’ is expressed in units of (’aO or CaCO, per 100,000 parts of 
water, the magnesium salts lieing c.aleulated into eijuivalcnts of CaO. An English 
degree of hardness is eiiuivalent to 1 gr. of CaCO., per imperial gallon of 70,000 
gr., or 1-43 parts per 700,000. ' Other countries have adofited different standards. 
“Total hardness” denotes the total CaO and MgO eali ulated as CaO; “per¬ 
manent hardness ” is th.at which remains after boiling the water for some time, 
filtering, and diluting to the original volume with distilled water; the difference 
between total and permanent hardness is termed “ temporary hardness.” The 
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latter, which coincides essentially with the amount of calcium and magnesium 
carbonates deposited on boiling and originally jjresent as bicarbonates, is deter-* 
•mined by titration in a similar manner to alkalies, and therefore may be termed 

the “alkalinity.” 

When hard water is evaporated, its mineral impurities are preciintated and 
settle on the shell, tubes, and furnace crowns of the boilers as a hard scale, which, 
by checking transmission of heat to the water, causes waste of fuel and damage to 
plates. The scale-forming constituents of natural waters are the bicarbonates of 
lime and magnesia, calcium sulphate, and silica, whilst waters containing 
sulphates, chlorides, and nitrates also assist in scale deposition by reacting 
among themselves. 

The sciUc (lepasiLs form an uisiiUlin'; medium uilli a hi^di pouei of lesiMance to heaU anti 
according; lo Kankinc this redslancc ol carixm.ile of lime i^.-sexonteen limes that of iion, whiUt 
sulphate of liii.e nOers ft)r ) ei^lU times llie resistance. Rankiiie, therefore, calculules that \ in. of 
average scale necessitates the o\[iendiluie of lO percent, more fuel. I in. ot 50per cent., and •}. in. of 
150 per cent, cxtr.i fuel, to generate the same amount ot steam a'> compared wtih a clean boiler. 
It has been a.scettained that whcieas the lem|K*r.ature of a clean Ixiilei plate is only 350' F., that of 
the sfime [dale coveretl willi \ in. ol scale is 750 1*., the seale-co\ered plate has to he heated 
400'' 1*'. above the lem|H‘raluie actually required to convert walei into steam. 

Chlorides do not rause llio fonnation of boiler stale, but they may attack 
th(‘ iron of the boiler plates, especially magnesium chlotide, which at the high 
temperature and [iressure of a boiler will hydro!)se mto hydrochloric acid and 
magnesium oxide. 

According lo Ost (t V/.v//. /c//., looj. 26. Sio) the latter compounfl is the -voleeause of lhi-> eflcci, 
but It tan only occui in injurious amount in le<‘d waieis vciy inlretpieiuly. J. I’letler [Z. 

Chi'i/i.y iyo2, 15, u)4) IS of opinion that the soluble magnesium salts react, at the pressure 
present in the boiiei. with the calcium salts, forming leadily solul>le calcium s.alls. and dithcullly 
solul>!e niagnesium compound', .Magnesium b.is an injurious efiert because its cailionate becomc.s. 
lusic <m boiling, and die carbimic acid thus liberated assists m the corrosion of the iron. 

Jamieson draws alienlion \ fourn. Inti. hn^. (V/cw,, igoi, I, 7S7-7S8) lo the necessity of making 
determinr.uons of nitrates in ca>es where giound waters are used for the piirj>oseol feeding boilers, 
and ril<'s instances where llic use of well w.iicis containing relalivcl) huge t|uantiUe> of nitrates 
resulted in rapul conosioii of lioiler lube,. 

Atid waters fiinnol, of course, be used for feuding boilers without previou.s 
treatment, pielerably with lime. 

These only occur as a rule in mine waters by wealhciing of sulpludes) and in moorland 
waters ({>ealy and humus acids). 

'I'he effect of hard and impure water is therefore: (//) 'I'o cause the 
expenditure of extra fuel: {/>) to impose on the boiler plates and tubes unnecessary 
strain, due to the insulating action of the scale; (<r) this strain due to superheating 
is supplemented by the disintegrating action due to the difference in expansion 
betw'een iron and scale which causes rapid deterioration of the boiler j (d) the 
pitting and corrosion due lo presence of such dissolved substances as magnesium 
chloride and ferrous sulphate. 

On the question of coal waste information i> somewhat diftuse, but Lassen and Iljerl state that 
the colliery manage! of the Ihrlley Iron Company has written them to the eftect that after 
introducing one of their water s<*fteners they are using 11 per cent, less fuck notwiihstamhng the 
fact of an incicased output ol coal and a conscfpienl largei steam consumption. Lalculalions based 
iqion coal prices indicate tliat m actual practice 4d. to 2s. per 1,000 galls, must be added to the 
initial cost of hard w.iter. It follows, therefore, that in the al»eiice of some cheap and eHicient 
method of softening, such waters are always dear lo the steam user, whether he lias to p.iy at the 
rate of id. or is. per 1,000 galls. 

To the extra ex|>enditure on fuel must be adilcd the cost ol cleaning and repairing the boilers, 
in order to keep them in something like a fit condition, i^d avoid alisolute wreckage in a short 
time. Besides blowing out the boilers they have lo be ^)eriodically gone over with the chi«cl to 
make an impression u]>on any hard scale that may have formed. Even in the case of a simple 
r*ancashire boiler, this task of scale removal is by no means an easy one. and is rarely properly done. 
The difficulty is flicreased when a U>iler with internal Hues and cross tubes is employed, still greater 
in the case of muliiiubular boilers, and greatest of all where water-tube iKiilers are in use. 
Periodical and expensive cleani.ng is only a palliative and safeguard, not ensuring cleanliness or 
efficiency, or preventing the rapid deterioration of the Ixiiler which goes on all the time, and it is. 
stfe to assume the natural life of a boiler to l)e shortei by one-half. 



>74 


INDUSTRIAL CHEMISTRY 


■ scale-forming constituents are the carbonates arid sulphates 

of hme and magnesia, silica, and other salts such as chlorides and nitrates The 

HrarTn P" ^ut are taken into solution as 

bicarbonates by carbonic acid gas derived from the atmosphere and soil When 

ins^i “'■‘'“.dioxide IS liberated, and the carbonates, being 

if^ ‘ilone, are precipitated. Calcium sulphate, however, is soluble in 
' the agency of carbon dioxide. The most favourable 

temperature is 95 h. (35 C.), when r part dissolves in 400 parts water, and 
inasmuch as the solubility is considerably decreased at 100' C., if a saturated 
^ Ptooipitalion of a portion will ensue, while 

precipitaled'^^'^^^^'^^'' pressure boilers it is rendered in.soluble, and the whole 

in the proponion. ,.r calriiim carlwnate 



Km. 8. —Lassen anti lljerl’s Slantlard Purifier. 

In the case of marine boilers it was iiossible to use sea water at com¬ 
paratively low pressures, but with high pressure tubular boilers the quantity of 
di'posit becomes serious, especially as sea water possesses a very high content of 
calcium sulphate, and the amount of labour, deterioration, etc., renders the use 
of sea water impossible, distilled water having to take its place After use the 
steam vvas condensed and returned to the boiler, in which state it always contains 
some of the lubricants from the engine cylinders. When the lubricator happened 
to be an animal or vegetable oil considerable damage was done to the boiler nlares 
since the superheated steam saponided the oils and liberated fatty acids It is’ 
however imperative to remove die oil if the water is to be used for boiler’feed as 
It IS well known that a thin layer of oil on boiler flues causes overheating and 
danger of co lapse I'or this purpose various filtering apparatus have been destned, 
but none of them have effected the desired aim, vin., to give a crystal clear wate^ 
entirely free from oil. By subjecting the water to a chemical process it is possible 
to transform the oil from its emulsified state to such a form as will make ir 
amenable to perfect filtration. Sulphate of alumina and carbonate of soda are 
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mixed with the water in Lassen and Hjert’s Standard Purifier, whereby a heavy 
and flocculent precipitate is almost instantly formed, which attracts the globules of 
Mil and renders their retention in filters possible. The alumina will react acid, and 
to counteract such acidity it is necessary to add a slight excess of soda to the water. 
For high oil percentages two compounds of zinc and potassium are used. The 
Standard Purifier will now be described (see Fig. 8):— 

The water is discharged into a tipping trough a, divided into two compartments of triangular 
form. When one comimrtraent bccfmrc.s full of w.ater it tips over, and the other compartment 
is brought under the orifice of the inlet pipe. In this manner certain quantities of water arc 
measured out .luiomatically. 

At eacl) oscillation two valves fixed in the chemical reservoir j are opened. Tlie reservoir j is 
divided into two compaitmenls, one ctintaining the soda and the otlier the alumina. The extended 
axle c.’irrying the lipping apparatus also carries the cams which open the valves. The lift of the 
\alvescanbe adjusted w'ith perfect accuracy, and thus the amounts of the chemical reagents are 
properly regulated. 

The almnina and soda are diluted to the refjuired strength and placed in the two compartments 
of the chemical reservoir j, whence they are passeil into the water through the two valves in the 
bottom. In the ease of large installations, the overhead tank shown in the illustration is inclmled. 
It consists of two compartments for holding a large supply of alumina and sod.i solution, these 
solutions being fed automatically into the two compartments of j. The water and chemicals meet 
in the shoot n, whence they arc discharged into the first compaitmenl c of the purifier. The 
coagulating action of the chemicals takes place in v, and the water is then ready for filtration. 
The jmrifier is provided with three filters, t), E, and t-, through which the water has to pass, the 
filtering material depending largely upon the nature of the water. After the water has passed 
through the last filter I , it is discharged into the storage tank ready for use. The flange H 
is connected to a feed pump, whence the water is drawn to the boilers. Each compartment 
of the purifier is provided with a scum cock, to draw off the oil which will collect there. A 
very important feature of Lassen and Hjert's ap])arauis is that the fillers can l>e used for months 
w'ilfioul being cleaned, and there is consequently no waste of water as in the case of purifiers 
in whu-h sanri fillcis are used, which have to lie cleaned out several limes a day, thus incrcxising the 
cost of w irbiag. 

'I'he condition and physical itropertics of a scale deposit are largely affected by 
the presence of calcium sulphate, since this salt separates out in fine needle- 
shaped ctystals, and, aided by the magnesium hydroxine, binds the whole deposit 
into a hard mass. If, however, the calcium sulphate is absent, the deposit of 
call ium carbonate is a soft powder which remains in suspension for some time, 
finally settling into a mud capable of easy removal. 

Prevention of Scale Formation Anti-incrustators.— For overcoming 
the above serious drawbacks, various means of preventing incrustation have been 
devised. In fresh-water boilers, incrustation may to a certain extent be prevented 
or at any rate diminished by the addition of substances which will prevent the 
calcium sulphate binding the carbonate into a hard mass. These anti- 
incrustators, of which there are legion, and for which the patent literature must 
be consulted, may be divided into two classes;— 

1. Those which are purely mechanical. 

2. Those which involve some definite chemical action. 

As examples of the first class may be quoted methods by which surfaces 
are offered upon which the deposit may accumulate in preference to the boiler 
plates, such as the suspension of brushes or bundles in the boiler capable of 
easy withdrawal; the addition of finely divided matter of organic origin such as 
spent tan, barium tannate (see Kurotinghaus and Schroeder, English Patent, 
23,618, 1909), etc., which by settling with the deposit prevents crystalli.sation of 
the calcium sulphate, and thereby enables the loose deposit to be removed at 
the sludge cock. 

C. Haylhorpc (English Patent, 23,123, 1909) has proposed )n interesting mechanical treatment uf 
feed water for the prevention of incrustation, corrosion, or pitting. Tlie hot feed water is passed 
Xlirough a rlosed chamber divided into a number of compartmenls by irerforated zinc plates, the 
compartraenls bein^ filled with crushed coke or the like. The zinc plates and the carbon act as 
a galvanic couple, removing sulphates from the feed water and causing fat and grease to separate 
out. The caibon also acts as a filter. The metal plates may lie made of an alloy of zinc and 
aluminium. The chamber is provided with a sludge cock, a removable lid, and an air outlet or valve. 

A process of extreme interest and not involving the use of chemicals, is the treatment of water 
by aluminium plates for preventing scale formation. 
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This iitca was introduced by Rrandes, who i>y the “luminator” apparatus claims to cause the 
water to undergo such ])rofound change that when used in steam boilers little scale is deposited, o'd' 
scale is sohened and delachetl from the plates, while llie prccipitable salts are de[>ositcd as .. 
powder. The irealmcnl consists in allowing water to run down an aluminium plate of special 
dimensions, with corrug.iiions of a particular si?e according to the cliaracler of the water to be 
treated. It is only necessary to brush the channels to keep them clean. Storage tanks and mains, 
if far from the Ixnlcr. must k* coated with a non-conducting composition -any bituminous varnish 
will do—and the w-atcr must reach the boiler as sotm after tre.ilment as possible. In any ca.se, to 
get the maximum efiecl, tlie water must be used within seven days of its treatment. When water is 
passing continuously day and night, it may l)e necessary to rest the aj)|)aialus about a day per week, 
as the plate.s under certain conditions become inert, a circumstance which seldom happens, however. 
The theory of the action is that by the passage of water over the metal channels at certain Sjieeds, 
a current of eleclricity i'^ induced, the water being negative and the pl.ates jiositive, whereby a kind 
of ionisation ol the salt’s takes place, causing them to fall out in an amorphous form ; at the virne 
time aUiminmm is by friction .ind clcctiical action corroded from the surface as colloidal aluminium, 
which after a time is changed in the water. 'I’lie best results arc obtamerl when e\pt>sed to flirect 
light. The action in the boiler is stnnewhat oliNCUie, but m all jirobabilily llie colloidal aluniiniiim 
acts as a series of nuclei oi active centres for the evolution of caibon dioxide an<l the irystallisalion 
of salts, while the aluminium particles also comlune with the dissolveil oxygen of the water and so 
deoxidise it, tlieicby thmmishing a cause of boiler coriosion. A boiler using the himinator shiuild 
be blown ofl frecpienth, especially in the first stages ol its use, because old scale comes oft so 
rapiilK that it accuinulales at the bottom, and if j)ennilte<l to remain tliere, might result in burning 
the iKiiler. Duggan cites one c.ise where a lx»ilet gave way at tlie end of a loitniglil. The treat¬ 
ment has an extraoidinary cflect on foaming, for in every case this piactically ceases. Alkali waters 
are easily treated, but acid waleis gi\e more trouble. The <’ornigations only function is to increase 
the surface of the plate. If traces of nitrates or nilritos a:e j>resenl, they are <lecompoit(l. 

The treatment icc.ills a former common piaclice of placing zinc slugs in hoileis which had the 
effect of causing precipitation m powdeiy form ; this practice foi some unknown reastui has heen 
ahaiidoned within the last ten ye.iis.' Although the inxenlors state their case with considerahle 
confidence and <|Uole unimpeachable examples of ib succes>, yet it will be ail\isaiiie to exercise 
some reserve until (urlher reports aie to hand. 

()n this process aie some later patents l)y ('. Neelt and .A. Ilrandes, vi/. ; 

(r) Knglish l*atcnt>, 26.877 ^^^^d 2(>,H7S of Ipto. Here jets ol water under |)ic-.Mire are caused 
to impinge on j^late’* or .surlaces of aluminium or similar metals, AKo water i-* forced undei pressure 
over or through plate-., coiriigated sheds, gratings, rods, or inks composed of impine aluminium 
or of an alloy consisting of l part tin and 25 parts alummuiiu. .A Mock of aluminium, or of the 
alloy, may also be suspended in the boilei. 

(2) Knglish l‘alcnls, 25,632 and 25,633 of ipll. Here water suitable for wadiing and boiler^ is 
olitaincd, by causing it to’flow rapidly through aluminium tulies, or Mich composed of an alloy of 
aluminium and tin. that the<hsintegration ol the inetailic surface is eflccted by the friction of the 
rapid water flow. A similar flow may take place through or over l)attle jihles or gr.ilnigs composetl 
of aluminium or like metals. The water may be neratctl before or after treatment 

As an twamplc r.f the second class of anti-incrustators sodium carbonate 
may bo quoted, this ronvortinj; tho soluble salts into carbonates and |ircvcnting any 
damage due to atids, while the iireoipitates arc so soft and [lowdeiy as to be 
easily blown off by the sludge cook. Other alkalies and alkaline salts arc used, 
among which ammonium chloride may be cited, which decomposes the calcium 
carbonate, forming soluble calcium chloride, whilst ammonium carbonate volatilises 
in the steam. 

Although acid ndsuirc' ha.c been lecomiiicndcd, il i, cvidcnl that c.cn in tiic ci.c of cfieclivc 
removal i.f hoilei scale the [il.ates must be detcrioialed. 

Boiler compounds are not on the whole regarded as advisable, since these 
additions at the most, to ciuotc \V. H. Fowler (■* Handbook of Engineers ”), can only 
convert a hard scale into a soft one, and in no way reduce the amount of material 
to he removed. 'I'hey do not prevent, hut on the contrary sometimes accelerate, its 
accumulation in the feed pipes and economiser tubes, where its removal is both 
ex))ensive and troublesome. A real remedy is to deal with the water before it 
enters the boiler, and for this jiurpose a large number of water-softening plants 
are on the market, by which" the hardness of the water is brought down to its 
irreducible minimum, and, in the case of the permutit process, almost eliminated, 
with the result that scale formation almost ceases. 

The first essential in water softening is to remove the free carbonic acid gas. 
This inhibits the action of sodium carbonate when added to precij.itate the 

‘ A (lerman war vessel’s Loiler hurst owing to the evolution of H from the sine. 
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calcium and magnesium salts, by converting it into bicarbonate of soda which 
has little, if any, action on the above salts. Now carbonic acid can be expelled 
j’y.boiling, but this cosily operation may now be more satisfactorily accomplished 
by the use of lime. Many designs of apparatus are now on the market involving 
chemical precipitation, and two of these will now be described. 

In Lassen and Hjert’s Water Softener (Kig. 9) the water lu l>c treated i.s led through the 
pipe K into one of the chaml>ers of tlie oscillating receivers. When this chamber is filled it lips 
over, pouring its contents into the intermediate tank B below, at llie same time bringing the other 
cluunher of the receiver underneath the orifice of the pi|)e K. On the side of the oscillating 
receiver is fixed a semicircular tank D, containing the chemicals (lime and s^)da ash or caustic 
.soda), and in the bottom of this lank a valve is fitted, througli which the chemicals fall into the 
chamlier ». To the receiver is fixed a system of levers which at every oscillation actuates the- 
valve in the bottom of the lank D. The lift of the valve can he rcgul.ated by two small nuts 
fixed on the \alve spindle, so that a given (juanlily of chcmicaU can, l>y thi^ arrangement, l>e mixed 
wall the water. 



I'lC. 9.—Lassen and lljctl's W'ater Softener. 


The lime-milk in this apparatus has a strength of 10 per cent.; the lime-water used in*other 
apjxiratiis has only an average strength of 0.13 per cent.; the lime-milk has therefore a strength 
of nearly kx) times that ol the lime-water, making it possible to reduce the size of the tanks 
containing the lime in the same proportion. A furiltcr advantage of using lime milk is that a 
certain <juantity of fresh burnt lime is mixed with a certain quantity of water, a solution being 
olitalned the strength of which is always known. In order to keep the lime-milk in constant 
motion an agitator is fixed inside llie semicircular vessel containing the chemicals, and the 
oscillation of the receiver is uiili-ed for driving the agitator. 

The heating chamber B is provided with a steam nozzle for either live or exhaust steam. The 
water is generally heated to a temperature of i5o“-200'' F. to facilitate the precipitation of the 
foreign matters. However, where steam is not available, the water can, of course, be treated 
coid. 

From the lieating chamber the water passes into llie settling tank A, where the precipitation 
takes place. Before leaving the tank the water has to pass llirough the filters, which are made of 
wood wool, packed tightly between two rows of wooden Ijars. The filters can easily be taken 
out, and cleaned by removing the top lars, and the filtering material can be used over and over 
again, after havings been properly cleansed. Sludge cocks F are provided for drawing off 
the precipitate. 

The softened and purified water coming from the filter flows into the storage tank 0 at the end 
pf the softener, and is drawn therefrom. The flow of water to the oscillating receiver is regutated 
% means of a high pressure float valve fi.xed on the pii>e k. 
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The above description applies to the square type of apparatus, but sometimes a 
cylindrical type is more advantageous when it is essential that the discharge of soft 
water should be at a high level. 

l.as'-fn and Il|crt state that l)afllc nr settlinf; plates in the settlinf; tower arc of no use whatever, 
getting hlocled up very i|Uichly, and retarding the softening process. 

One of the latest of Reisert’s patents of water softening plant is supplied by 
Messrs Royles ].td., of Irlam, near Manchester. In this carbonate of barium 
takes the place of soda, while the temporary hardness is dealt with by hydrate 
of lime. 

Carhonatc ol haiiiini has the i)ro]jerty of tleroniposing the -sulphates in the water, bringing them 
tlttwn as siilphaU- of l)ariiinj whicii is instduble, anti scparalctl out l»y ihc filter. As is well known* 
the sotla process leaves the sulphates jn the water principally as sulphate of soda, a soluble salt 
which on tuncentraUnj’ in the ftoiler, anti which requires to be blown oil periodically. In 
Iwalers of the Lancashire l>pe veiy lilllc inconvenience arises from this, but in loco and water- 
tube boilers with little water cajiacity the rapid concentration of this salt leads to foaininjj in the 
Ifoiler, causing priming. the jiassage t*f foam ami water through the steam chest with the 
steam, with its allendunl inconvenieme an<l risk of accitlenl ami waste of fuel, 'rhis type tif 
softener is theielfue specially suitable for locomotive and water tube boilers. As no soda is 
used, lliere is no .ilk.alinity from that source, ami no wasting of the brass fittings of die lioiler due 
to this cainccntialion. The apparatus is ad.ipted foi hot or cold trealnieni. 

The foicgoing plants arc all eminently suitable for the jiurpose they serve, but , 
each involves the same fundamental chenncal principle of iirecipitation, and the 
variations of the system are generally due to differences in the mode of application 
of the chemicals, and to mechaniial deviee.s for faeilitating treatment. Of late 
years an entirely new system has been evolved, based clnefly on the work of 
Professor Cans, of Rerlin, which employs an entirely new prim iple. The system 
is of growing ]iopularity, some hundreds of pl.ints being in use, while an installation 
near liremen is treating some million gallons of wat’-r per day. '1 Ins system, 
known as the permutit process, employs as its active ageiils bodies known as 
permutits. 

These are alliomplex silicate's containing somi' pioportinii of .dmmmitm ns ,i ctmstiinl con- 
.■stitm-nt. Their m.tnukielurc .md propeitks aie desciibed in \ ojume 11 . of this work. 

tl.iiis termed these bodies permutits bom the l.atin permidan, to evchange, 
to ev|iress their extremely important iirojierty of exchanging bases. This action is 
as follows: If a solution eontaining a cahiuiii salt be poured over .sodium 
permutit, the sodium is displaced by the ealcium, forming (alciiini permutit. 
Conver.sely by acting on calcium permutit by a sodium salt in excess, the sodium 
permutit is re tormed, calcium being expelled. This exchange property is utilised 
for water softening, the lime and magnesia in the water disjilacing the sodium of 
the permutit, forming calcium or magnesium permutit, while the sodium passes 
away in solution. Indie.ating for convenience “permutit” by J’, the exchanges 
are represented by the following equations:— 

Tor the softening of temporary hardness 

1’ -- Na, + CaH„((?0.|)„ = J’ Ca + aNallCO.. 

1’ - Na,'+ .MgHifCOa)'. P Mg + aNaltCt).,. 

For the softening of perm inent hardness 

I’ - Na, + ('aSOj — P - Ca + Na.So,. 

P - N.a;+ MgSC), = P - Mg + Na,,S()|. 

In practice this exchange is absolutely complete, since a hard water emerges 
perfectly lime and magnesia free, containing no scale-forming, soap-destroying, or 
other injurious ingredients. 

When the permutit ceases to be effective, regeneration is simply and efficiently 
carried out by passing through the permutit (which now has calcium or magnesium 
for its base) a weak solution of common salt, <■.,?.:— 

CaP t- aNaCl = CaCk, -f Na,,P. 
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Now common salt, as generally emjjloyed for the regeneration, is itself slightly contaminated 
with lime and magnesia, so that to some extent the action of the salt is reduced. For this reason it t 
is advantageous to employ for the regeneration, once every three or four weeks, an extra charge of 
sa^ twice the normal quantity of salt, and to dissolve the same in softened water. Filtration 
through permutit is as a rule more effective downwards than in the reverse direction, as there is a 
tendency to compress together. Agitation Ixjfore every regeneration is therefore desirable to loosen 
the mass and remove any air or channels formed in the fflter. This takes place upwards, the 
material being thoroughly loosened by the flushing action of the water. The apparatus usually 
employnl consists of a cylindrical tank containing a bed of s<Klium permutit between two layers of 
gravel. The hard water enters above and perc<dales through, its rate of flow l>ciiig regulated so 
that a zero water emerges below. When the specified amount of hard water has passed through, 
the inlet is closed and the flow reversed for a minute or so whereby the bed is broken up, the 



Fh5 . 10. —Permutit Water-Softening Plant. 


formation of cliannels prevented, and any air in the pores expelled. Thus cleansed the filter is 
ready for regeneration, for which jiurposc a cylindrical lank is provided at the top of the a))f)aratus 
<'ontaining the salt solution. 

A 10 per cent, salt solution i', generally employed for regenerating and is allowed to filter slowly 
through from eight to ten hours. Thereafter a small quantity of the crude water supply is run 
through for the purj'K)sc of removing the excess salt solution. 

Since permutit is active all over its surface, it follows that for the purpose of 
preventing choking, mechanical impurities such as oil, sludge, iron, or vegetable 
matter, must be jareviously filtered before softening. In addition the water must 
be neutral and if not must be neutralised. 

The to-and-fro process of softening and regeneration goes on without any 
depreciation of the ])ermutit or material wastage. Thus a permutit filter, the 
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charge of which had been in uninterrupted use for about a year and a half, and 
which during that time had been regenerated several hundred times, delivered a 
water of neutral reaction and of zero degree of hardness. 

The advantag^es ofihe )>roress are as follows: since comn»on sail is ihc only reagent used, the 
objections surrounding lime and soda arc eliminated. The treated water tus the same alkalinity as 
on entering, and re«|ulies the same amount of acid for acidilication alter as before ireatmenl. The 
sludge difficulty is remove<l as the lime is ex|H*ned in the form of calcium chloride, so that no 
settling tanks or fillers are necessary. There is also no atljustment of chemicals for obtaining a 



Tu:. n. -I’ermutil Water-Softening riant. 

uniform water, as it is lero all the lime. The amount of attention which a |)erniulil plant calls for is 
rejirescnled solely by the half hour reijuisite lor changing over the o()eralion of the plant from 
working to regeneration, and in the reverse direction after regeneration is completed ; beyond which 
ihe plant works automatically and consists of no moving |xirts whatever. A plant lakes up the 
least possible fivace and can be designed with cither open lop—“gravity system”—or closed — 
“ pres-sure system ”—whereby it can be f)ut anywhere in the water supply circuit. The permutit 
plant is the only pressure system available for water softening. 

The Iron Problem.— In underground and well waters,,and especially in 
springs from marshy districts, iron (fre(|uently combined with organic substances) 
is present in such a condition as to render its separation extremely difficult. Water 
thus contaminated with iron is not only exceedingly objectionable as a domestic 
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supply, but in very many industries altogether disastrous, as for example in the 
I’yeing, laundry, jrapcr, and other trades. 

The iron usually occurs as ferrous l)icarl)onate, occasionally as iihosphatc, and when the water 
is exposed to air the iron partly seiarates, e.^.— 

2]'e(llC0,,)a H- II ..0 + O = 2 Fc(01 I), I 4C<),. 

•Schmidt and llunic distinguish four phases in this se|>aralion:— 

(I) Oxidation of ferrous to feriic iron, (2) hydrolysis of the salts, (.0 transformation of ferric 
hydroxide to its hydrosol, and (4) change of the latter into hydrogel. The oxiilation is promoted 
by lough sitrf.ices, and by electrolysis. 

If such chalybeate water is to serve for drinking or like purposes, it is advisable 
that it be clarified, having an ttnappetising appearance and a disagreeable taste. 
Similarly, when used for manufacturing 
or industrial purposes, a purification is Cwtt Wms Wn 
most essential. 

The majority of processes combine 
in some form or another aeration with 
.subse(|uent filtration. 

In Reisert's type “ KO,” .is supplied by 
M C''‘'rs Kii)les cv C<»., there is a spra\>ng lank 
A a c(»kc tcivter li, and an air-clinnst i) j;ra\el 
liher. The water t<> be freed fit»m iron flows 
into the sprinin^ tank the iHilloin <>l wfiich 
is perfoi.iled with fiiiclioJcs, raiisinj; the water 
In fall in the form of a shower on to l!ie coke. 

By this means the water and air are well 
mixed, and the absorhei! oxyi'cn conimenees 
a separation of iron <‘Ut (tf the water. Tlie 
latter then passes in thin sticams or mulcts 
over the C'-kc, passinj; fiom tlie lop to the 
luitlom nf the Coke towei, where a perfect 
separation of iron takes )>lace. 'I'he necessary 
air has fnv access from all sides, those of tlie 
coif lower lieing petforaicd. 'i'he coke be¬ 
comes in a \erysl)orl time coated with iron 
oxide, uhicb .>ccelcrates the separating action. 

Afiei leaving the coke tower, the water passes 
again in the form >f a shower on to the gravel 
filter. .\ny piecipitaled iron lemaining in the 
water is arrested liy tlic filter, and the water 
leaves hy ih • pipe i> perfectly free from iron, 
and crystal clfai. To clean the filter, llic mud 
vaKc K jy <‘p<’ned, and hy means i>f an air¬ 
blower r, or t ut of an air chamber, air is led 
under pris.urc, and simultaneously water, to 
the underside <if the filter. The flush water 
may lie taken horn a line of pipes, loxvn’s 
mam, etc. Tbe cleansing or flushing ol Ihe ._i<ny 1 e's Keiscri's Type “ KO” 

filter IS mwt energetic, and only lasbs a few ' ' i,„,;.,emosing I'iUcr. 

minutes. The muddy water which collects 
aliove the filter flows by the mud pipe to 

waste. After opening and slnilting the corresponding valves, the filler is immediately ready^ for 
further use. The frefjucncy of cleansing the filler is naturally dependent on the quantity of irim 
Contained in the water, necessitating accordingly either a daily cleansing or one twice or three 
times j)er week. In cleansing the filter it is never necessary to have to handle it, or in any way 
to touch the filtering material. A pressure type is also supplied, the working of the elided 
aftpaiatus lieing essentially the same in principle, exxept that the air, necessary for the oxidation, 
is pumped in or ilrawn in by a snuffle xalve in the suction piping. 

("hemical precipitation is also used for removal of iron, since if the latter be 
united with humus mutters as in moorland waters, or present as ferrous sulphate 
as in iron pyrites effluent, only two-thirds of the iron is precipitated by oxygen, 

Ffiefke concluded that addition of milk of lime was insufficient, and Krohnke, 
by adding some ferric salt prior to lime, obtained more favourable results, as by the 
decomposition of ferric chloride and calcium hydrate a voluminous flocculent 
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precipitate of ferric hydrate is formed which settles and carries down not only 
the iron, hut also calcium carbonate, fine turbid material, organic substances, 
colouring matters, etc. O/.one has also been proposed for this purpose. In 
America precipitation processes play a large part, while in Europe aeration and 
filtration are more prevalent. 

By means, however, of permutit, all difficulty in the removal of iron has been 
overcome, since by filtration over manganese, permutit waters can be entirely 
freed fiom iron or manganese. Incidentally this treatment has another most 
valuable effect, in that this reaction offers a practical solution to the difficulty 
of sterilisation of water and elimination of bacteria. In sodium permutit the 
sodium may be replaced by mangane.se, and the permutit so formed may be 
oxidised by dilute potassium permanganate solutions to generate higher oxides 
of manganese and potassium permutit, the oxides being precipitated in an 
extremely fine state of division in and on the permutit, so forming a black or 
brown mass. The latter is a very powerful oxidising agent, which instantly acts 
upon easily oxidisable matter. When the efficiency is impaired, regeneration is 
brought about by merely allowing a potassium permanganate solution to act 
upon it again, a process analogous to the salt regeneration of sodium permutit. 
When water containing iron flows through manganese permutit, the iron is oxidised 
by the higher oxides of manganese present, iron oxide being precipitated in 
the upper layers of the filter bed, the water being made absolutely iron-free. In 
practice the filters are all of a pressure type with internal stirrers to jireveiit 
choking by the iron precipitate; while the regeneration tank contains KMnO,. 

Waters containing much organic matter ami iron, combinctl with oxy-arids, arc |>arUcularly hard 
to treat, and it is usual to add dilute potassium permanganate solution in the form of drops to the 
crude wafer. Many such waters are not sulTicienlly sterilised hy simple filtration, since the organic 
matter consumes the oxidising agents and dissolved oxygen in the water. I’or sterilisatum hy 
permutit, permanganates arc added to llie water, helping to kill the germs, and producing in flic 
presence of manganese salts colloidal hydroxides which j^recipilale and coagulate all harmful 
organic matter. Any excess of permanganate is n-moved on hllermg through the manganese 
permutit. Wulei foi industrial jniriioscs has to he treated hy the foregoing methods to he suilahle 
for the .specific ohjccl required. 

In laundry work enormous quantities of water and soap are employed. 
Dirty clothes usually have the dirt fixed on them by some greasy substance, such 
as perspiration, which is insoluble in water, and requires the addition of soap for 
it.s elimination. Now soap is a stearate of sodium, which, when dissolved in pure 
water, is resolved into another form containing less soda, and the soda set free by 
the act of solution operates upon the greasy matter, converting it into a soluble 
lather, whereby the dirt is rendered removable by rubbing. If, however, the water 
be hard, insoluble stearates of lime and magnesia are formed, together with sodium 
sulphate, which possesses no detergent properties. Until all the hardness has lieen 
removed, therefore, the soap will be wasted. In addition, if the soap be used for 
scouring wool for subsequent spinning, weaving, and dyeing, the calcium and 
magnesium soaps formed arc difficult to detach from the fibre, since they form a 
sticky, greasy curd and may cause defects. 

It has been hiund in actual praclice by a firm using uatcr fur w.asliing nn a commercial scale, 
that, as a result of softening ihc water, ibe saving in .soap esjiendiiure was i6 cat. in every ton. 
In the spinning and weaving industries the substitution of soft for hard w alcr rncan^ the strengthening 
of the yarn by 15 per cent. 

For the dyeing industry, soft water is a necessity, since the control of a dye 
bath de’pends on the character of the substancc.s di.ssolved. The absence of the 
alkaline earths, iron, .and acids is also important, since by the form.ation of 
precipitates, colour changes may be produced and uneven shades-obtained. The 
advantages of soft water are: saving of dye-stuff, penetration, brightness, and 
above all, evenness. 

AVater for paper mills, print, bleach, and glue works, must be soft and 
especially free from iron. 
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In sugar refining, sulphates, alkali carbonates, and particularly nitrates ' 
actively assist the formation of molasses, aijd hard water is therefore prohibited. 

In all fermentation industries, especially breweries and distilleries, perfectly 
pure, clean, and soft water is reijuired, and above all things there must be an 
absence of products of decay. The water in addition must contain as few micro¬ 
organisms as possible, since these cause subsidiary fermentations which may 
adversely affect the aroma and taste of the products. 

Such water must also be rejected for use in dairies, as vessels cleaned with it 
would retain micro-organisms, and injuriously affect the separation of curd, while 
butter which has been washed with such water soon becomes rancid and bad 
(see Section on Ultra-Violet I.ight). 

EFFLUENTS, INCLUDING SEWAGE DISPOSAL 

Effluents are conveniently classified into those containing a predominant amount 
of mineral constituents, as distinct from those consisting chiefly of nitrogenous 
organic matter. 

(jr tile former a f.iirly comprehensive li.st is given !»y H.iselhotf,' details of whicli, however, 
cannot be given in this article. It suffices to say ttiai. owing to the great v.irieiy of inilustrial works, 
almost eiery type of chemicat conijiound is represented in the various ettlueiils. for example, 
in the ellluenl from coal mines there are present the chlorides of stnlium, turiuni. catenim, stionlium, 
and magnesium, t.igelhet with fenous and feiric sutpliales amt tree suliihniir acni, white the 
eltiuent from an atkali works contains the sutpliides and polysulphides of calcium and sodium, 
associated willi c.itcium chloiiile and hydrate. 

From these various industries the effluents are usually worked up by special 
chemical methods, with the object, as a rule, of recovering the different by-products, 
some of which are of consideraltlc value, e.g., from the gas works effluent the 
cyanides are used for gold extraction, the tar for benzene, and the ammoniacal 
liquor constitutes the source for commercial ammonia. Tlie effluent from a 
ble.iching powder is itself of value for disinfecting purposes, the preservation of 
wood, the iturification of illuminating gas, the preparation of colours, and for use 
in the glass industry, and for copper e.xtraction. 

Effluents consisting mainly of nitrogenous organic matter include town 
Sewage, and the effluents from slaughter-houses, sugar and starch factories, 
breweries, dist'lleiies, dairies, paper mills, wool washing, cloth factories, glue 
works, tanneries, etc. 

Tlie great iiicioasi- in mimif.icturing <)peratiim.s, acrumpanied !»y llie dovvlopmeiit of the kiclory 
system abmii ihc mi.idlc of the nineleenlii eeiitury. cmlrilnited l.irgely to the very noticeable 
pollution ol streams which livg.in at tliat lime, anti stiit cftntuuies In i'onset|uence, special melhotls 
ii,i\e to Irtt eriptoyeii for .dl.iynig iliis nuisance, and m England the tiulU ot ilic efltuenls are treated 
togcthei .11 tlie sewage purification works. 

The greater part of the liquid trade waste at the present time is produced by 
the textile and dyeing industries, and in ceruin places special methods have to 
be adopted by the manuflicturers themselves for the purification of the effluent, 
these methods being naturally designed to suit local conditions, and not for effluent 
purification in bulk. 'J’he latter subject will be treated under sewage disposal. 

The various branches of the textile industries are concerned with the 
manufacture of cotton, woollen, and silk goods, but the chief source of pollution 
arises from the woollen industry, which in all its stages, from the washing of raw 
wool to the dyeing of the woven fabric, furnishes large volumes of polluting liquids. 
From a river pollution standpoint, the liquid from the wool washing requires more 
careful and skilful treatment to yield a satisfactoTy effluent than any other waste 
liquid from the te.xtile industries, although compensation is afforded by the fact 
that valuable Ijy-products can be recovered which causes the treatment to be 
profitable [see the note on Bradford sewage in the .Sewage Section]. This latter 
fact has caused the iturification methods to be designed primarily as recovery 
processes, while at the same time a purer effluent has resulted. 

* See Bunge anti Keane, “Technical .Methotls of Chemical Analysis,” Vttl. I., I’arl H., p. Soy. 
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The suds from the wool washing as they leave the bowls are highly charged 
with mineral and organic matters, both in suspension and in solution. 

The amount tif impurity may lie realised when one considers that raw wool on the average 
contain.s only about 50 per cent, of wool fibre, the rest being sand, dirt, and grease. The suds, 
therefore, contain the mineral matter, the escess of scouring agent, and the grease, the latter partly 
in solution as a potassium or .sodium soap fntni saponification, and partly in .suspension or emulsion 
as utisaponified anti uiisaponifiable fat. Xaturally, the amounts f)f these will depend on the t|uality 
of the wool, the degree of cleanliness required, and the method of washing adopteil. 

The substances to he recovered are therefore the fatty matters and potash, 
and the method of purification must have this as its basis. The general conditions 
to be observed are: (1) The maintenance of a constant effluent which is obtained 
by using bowls in series; and (2) the removal of heavier solids, such as sand and 
grit, by means of settling tanks through which the liquid flows with velocity 
sufficient to help the organic matter in suspension. 

Ibvery fillnTtion process has proved a complete failure (minjj to the grease present, and an 
investigation hy the Maswicbuseils Slate Hoard of llcalili has shown that intennillcnt filtration was 
only possible when the waste liquid was mixed with very large volumes of domestic sewage. When 
applied directly to sand or coke fillers, dogging quickly occurred, while filters for domestic sewage, 
in a stale of actixe nitrification, were quickly checkerl. 

The first essential step, therefore, is grease removal, and this is brought about 
by an acid treatment which produces an effluent easily capalilc of further 
purification. The lii]tiid, after passing through the settling tank, is collected 
and then run into the grease recovery or soak tanks, these h.iving a capacity of 
6,000-8,000 g.alls. To the contents of each tank when i|uite cold, vitriol is added 
with thorough mixing, until the whole is slightly acid. The fat is thereby “ cracked 
out,” and the greater part of the s.ipomfial)le fat settles as tt sludge or magma to 
the bottom of the tank, carrying witli it most of the uns.iponifiahle fat, the remainder 
rising to the surface as a tliin scum. The tank contents are then allowed to stand 
until a complete separation of grease has occurred, when the acid liquor between 
tlie two layers is run off fty means of an elhow-jointed pipe adjusted .at a suitable 
level. When the latter has been removed as far as possible, the fatty sludge is 
drained for several days on shallow filters composed of clinkers or ashes about 
I ft. in depth, with a covering of 2 or 3 in. of coarse s.awdust, after which it is 
taken to a grease extraction plant. 

The waste li(|ii<tt is ]usvetl tbrimgli a filter of clinker cnvcreil with sawtlttsl for grease retention, 
anti, after .1 Ittrtber lillratirm tlirntigb cliiikci, is tliscb.iigeil. 

'I'hc effluent itself is still polluting, being charged with soluble organic matter, 
and is purified hy treatment with lime to neutralise acidity, followed hy ferric 
sulphate to irrecipitate organic matter. The cost, however, of this latter process 
is prohibitive for individual manufacturers, while a disadvantage of the method 
is the loss of all the potash in the suds. 

I'reripilalion proci-sses (*tbcr than the acid meliiod have hevn jiroyiosed, hut the drawback is tlie 
very large amounfk ttf precipitanls required for a clear effluent. 'J'he best rexulrs are obtained with 
ferric sulphate, although 500-1,000 parts per 100,000 hquul aie rcfpiired. Before the saponifiable 
fat can be recovered, the voluminous slidge must he aciditiefl, which involves a duplication of the 
process for grease recovery, as well as the production of a very inferior gicasc to that afforded by 
the acid method. The cost of both treatments being practically the same, the deciding factor 
has been tbe diH'iculty (;f dealing with the volumiinms sludge, although ihc ferric sulphate method 
often proiluces an effluent fit for direct discharge, whereas the acid lank effluent necessitates 
after treatment. 

For recovering the considerable amounts of valuable potash, evaporation 
processes have been devised, and a recent one patented by Messrs Smith & Leach, 
of Bradford, was in use some years ago, although at present discontinued |)robably 
on account of the large initial cost involved. The apparatus consirts of a Yaryan 
evaporator, similar to those used in the sugar and paper industries for the con¬ 
centration of dilute .solutions, a centrifugal separator, and a cylindrical revolving 
incinerator. The suds, after passage through settling tanks as before, are concen¬ 
trated to one-tenth or one-fifteenth of their original volume, then heated almost to 
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the boiling point and passed to the centrifugaliser, where a separation ensues into an 
o'Jter layer of dirt, a middle aqueous liquor containing the bulk of the wool potash, 
and an inner layer consisting almost entirely of wool grease. The potash and grease 
are run off into separate receivers, the former containing 50-70 per cent, of potassium 
carbonate, the latter about 95 per cent, of wool wax free from mineral and fatty 
acids, and worth double the grease obtained by the acid method. The distilled 
water from the evaporation process, although slightly greasy, may be used for 
■wool washing, and a saving of 20-30 per cent, soap effected. The outstanding 
advantages of the method are no discharge, and recovery of practically the 
whole of the valuable by-products. But for the expense, the process would 
be ideal. 

Solvent Scouring is another proposal for avoiding a polluting elilucnt. This process, witich 
involves carhon hisulphide, ctrhon tetrachloride, 01 petroleum henrene, is co.slly owing to volatility 
and C('nsci|uent loss of solvent. Success htis, however, Iteen attained at Verriers in I'-elgium, and at 
laiwrence in Massachusetts, where the wool is treated in an iron vessel with cold petroleum 
Iten/ene. The grease is ilissolved out, and the solvent tlistilled after several extractions Itave Iteen 
made, iherehy leaving the grease behind. The wool still contains the potash and dirt, which are 
washed out with soap, and the w.ash liipiors evajiorated for jKttash recovery. Here again there is 
no discharge of w,aste liipior, hut the method h.is not found favour in Kngland, .since st.iins are not 
removed, whereby scouring is necessitated. The wool also is less suitable for suhscipient operations, 
owing to the toti coiuplele removal of the grease. 

The ptirificntion of refuse from yarn and piece scouring is made by the 
acid treatment, although in this case the gre.ise rises to the surface instead of 
sinking to the bottom of the soak tank, so that a clear liquid ran be tapped off 
from the bottom of the tank. 

The waste liquors after grease recovery have still to be purified, and 
these, together with the effluents from dyeing, scouring with fuller’s earth, bleach¬ 
ing, and c.ilico printing, will now bo considered. .'Mthough they differ appreciably 
in roinpo-ition, the method of chemical precipitation, settlement, and filtration is 
applicable either to each class of refuse separ.ately, or to combinations such as 
occur in most manufactures. 'I'he chemical process i,s usually the addition of lime, 
either aione or together with alunn'no-ferric or ferric sulphate, acids being thereby 
neutralised, colouring matters fixed, and organic substances coagulated, so that, 
during settlement, most of the impurities are deposited a-s a sludge. Before pre¬ 
cipitation, however, screening for suspended matter is usually resorted to, as the 
fibres removable from some varieties of refuse possess considerable value. Time is 
added as milk of lime, but only effects partial precipitation of lighter matters, which 
settle much .slower than when alumino-ferric or ferric sulphate are used. The 
mixing occurs during passage along a channel, and is usually assisted by baffle 
plates, whil, the settlement olitains in tanks either by continuous flow or quiescent 
sedimenlation. 

The f'lr'iier t.inks irtpiirc less l.ihinir .inil sujicrvision, while the Inner c.in iinly he vised without 
pumping when there is an avnil.thle fall of 6 or 8 ft. In the coniinuous flow method b or 8 in. 
suffice, and any further fall serves for the filtration process. 

I'iltration is only applied as .1 final means for removing suspended matter from 
liquid tradv? waste, and the beds are generally composed of either clinker, coke, 
ashes, or sand. 

The sludge possesses Utile or no coinnietcial value, .and only one or two atlemirts have been 
made to obtain an economical result, the recovery of indigo from dye waste, and the use of 
lime sludge as a manure. 

The precipitation process is the only reliable one for the purification of 
large volumes of waste, but this usually requires large ground area for successful 
working. , 

In conser|uenre a number of more compact systems have been invented, among wliich may he 
included the majority of water-softening plant’s, which remove lime anil magnesium salts by 
precipitation. 

The general problem of sewage purification will now receive attention. 
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Sewage Disposal. —This problem of sewage disposal has been forced on the 
country owing to the evils of stream pollution, and the general adoption of the 
water carriage system. Sewage contains the solid and liijuid excreta of the popula¬ 
tion, together with the waste from all domestic occupations, as well as a large 
amount of animal and vegetable matter. With the exception of a few towns sewered 
on a dual system (and such only receives the sanction of the Local Government 
Board when surface water can be discharged by separate drains without creating a 
nuisance, and where the combined system would be unduly expensive), sewage also 
contains the washings of street and storm waters, and, as a rule, complex trade waste. 

The main ronslUuenls of domestic sewage are :— 

(1) Matters in solution (mainly ilerived fr<jm urine), consisting cliieBy of nitrogenous 
siilislancfs sucli as urea, and mineral salts such us. sodium chloride and phospliales. 

(2) Matters in suspension, emulsion, or colloidal solution. These arc nitrogenous, 
liodie.s of complex character containing sulphur (mainly derived from laces), cellulose 
(dismlegiated juikt), \egetal)K* debris, soap, and fat. 

( 3 ) Sedimentary matters, such as silt, clay, and sand. 

It is itnjtDssible to distinjtuish sharjdy as to the amounts of these suhst.inces |)rescnl. the 
((Uiintity of soap present will depend on the hardness of the water, wlnle the sedimentary m.iterial 
of class (y) will carry down some or all of the suspended matters in cl.iss (2). The ahnve con- 
stitneiils arc dLsemmalc.i in alsmt 20 galls, of water supply per head of population per day. 

Since no two cities or even any given sewer possesses the s.vme aver.ige sewage convposilion, for 
this varies with the hour, the season of the ye.ir, and the state of the wealfier. gre.it difficulties have 
had to he overcome in devising means and niaintammg w'orks for the efficient pnnlic.uion of sewage. 
I’roblems m many instances still await .solution. 

It is possible to transform sewage on the small scale into [terfeclly harmless 
products, vi/.., into the gases methane, hydrogen, nitrogen, carbon dioxide; the 
.soluble salts, such as nitrates, phosphates, suljtbates, chlorides, and insoluble 
residual matters which are conveniently termed “ humus," and are generally 
associated with a fair proportion of mineral matter, csiredally phosirhates, lime, and 
alumina compounds. This transformation is accomplished by bacterial treatment, 
which is really direct oxidation through the agency of the requisite organisms in 
the presence of air. 

On the large scale, however, it is dittirull to find condiiions for dealing with sewage hy this 
dilution method, since a favourably situated outfall must admit of the sewage being quickly mixed 
with a large excess of water, so that the osygen content is .dways sufficient to jirevent formation of 
otiensivc products. In Ihe majority ol cases some form of tank treatmeni is absolutely ncctssary. 

The first stage on the arrival of the efilucnt at the outfall works is to remove the 
coarse suspended matters, for which purpose screens of various designs are used 
with automatic scrapers, etc. Following this comes the jrassage through detritus 
tanks, where the speed of flow is so regulated as to allow of the heavier and mineral 
matters settling while retaining the ligliter mineral and organic susitended matters 
for subsequent tank treatment. This may have for its object■ 

(a) Remov.d of remaining siispenshms eilher hy quiescent or continuous How sedimentation 
(sedimentation tanks). 

(li) Sedimentation vvitli partial digestion of insoluble and solulile organic matters (septic tanks), 
cither liy anaerobic oi aerobic decoin|xrsiiion. 

(i) ('hemical classilicalion (prei ipitiition tanks) in wliicli llocciilent jirectpiialcs are developed to 
effect the rapid settlement of susjrended niatlets. 

By simple sedimentation only the heavier matters, such as sand, silt, paper, 
grease, soap, and fieces, will he removed. Now the character of the sewage depend.s 
largely on the distance travelled, since mechanical disruption and emulsification of 
faecal matter occurs as well at; the partial ammoniacal fermentation of the urine. 
When the sewers are of recent construction, only the initial stages of the latter 
will have commenced, and the sewage in consequence will be comparatively in¬ 
offensive. Sedimentation tanks, therefore, should have such a ciljtacity as to co])e 
with the sewage in these initial stages, while the sludge dc|)Osited should for the 
same reason be tiuickly disposed of, e.,!,’'., hy trenching in the ground. 

A septic tank, which has also been termed a cesspool, and a liquefying or 
hydrolytic tank, is designed to facilitate decomposition and removal of solid 
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matters, and for the control of the character and extent of the chemical changes. 
In’this ’tank the cellulose is transformed into hydrogen and marsh-gas, with carbon 
dioxide and fatty acids as by-products. This production of gas is a visible sign of 
sewage fermentation, and arises chiefly from cellulose decomposition. 

Omelianski’s researches have shown 90° K. to be the Itesl temperature, and in conseipience the 
arlivily is more pronounced in summer Ilian winter, while it is extremely intense in tropical countries, 

SO that an ectmomic use can he made of the gas. Fowler is of opinion that in the case of small 
premises where much cellulose matter accumulates, e.^., |)acl<ing p,ipcr, extracted plants from drug 
manuliicturers, waste hops from breweries, etc., it might not he uneconomical to produce gas in 
small tanks maintained at the optimum temperature by waste steam. 

Ammoniacal fermentation readily begins, and may be almost complete, before 
reaching the purification works, since the bulk of the sewage nitrogen is |)rescnt as 
urea. For nitrification the preliminary conversion of urea, amino-acids, and similar 
bodies into ammonia must take ])lace, and Fowler has found beyond (luestion that, 
if absolutely fresh sewage is to be [tut uiton a filter, considerably more filter space 
is re(|uisite to convert the nitrogen into nitrates, than if time is first allowed, f.^., 
by retention in tanks for ammoniacal fermentation to take place. This fermenta¬ 
tion nearly com|)letcs itself in the sewers, and it is doubtful if urea could per be 
found in an ordinary samjile of town sewage. The other nitrogenous constituents, 
such as the various decomposition products of albumin, the bulk of the ftece-., pc., 
arc all gradually broken down, but this decomposition should not go too far, since 
evil-smelling substances, such as sulpburetted hydrogen, indol, skatol, etc., are 
produced. 'I’hc tanks should therefore be constructed for rapid deposition of 
solid matter, and its retention within economic limits fttr decomposition purposes, 
while the fluid portion should be tpiickly removed, hats are also split up in these 
anaerobic tanks, winch latter were at one time closed, although this has now been 
found unnecessary, since immediately beneath the surlace ol the sewage, anaerobic 
conditions must |iicvail. 

About 1904, Mr Dibdin treated crude sewage on a coarse contact bed, which 
took the form of a tank filled with a structure of plates and blocks. The solid 
matters ,11 the sewage are allowed to settle on shelves of slate, sup|)orted by slate 
blocks at a distance of about 2 in., these being superposed to a depth of 1-5 or 
6 ft. as retiuired. In consequence of the alternate filling and emptying, and 
resting empty ff)r the air, whieh takes the place of the liquid to oxidise the de¬ 
posited organic matter, the de])Osit becomes the home of many tyi>es of organisms 
that digest the nutters, and render them inoffensive in like manner to the action 
by which earth worms iwoduce a humus from organic debris, arid throw it to the 
surface ui the form of worm casts. In the slate bed the dejiosit of eaithy mattei 
thus formed on the surface of the layer of mud on the slates is washed off by the 
receding '‘ftluent when the bed is emptied, and forms a black slurry, consisting of 
mineral and indigestible matter with numerous organisms from the bed. Ihis 
slurry is then jilaccd on a suital)le drainage bed for ihe water to drain off, and to 
allow time for the full digestion of any (Ttide material that may have come from the 
bed; and finally, to allow the host of infusoria to extinguish themselves by the 
natural process of the “ survival of the fittest.” Fowler terms such a system an 
aerobic tank^ the changes being essentially different from those under the 
above anaerobic conditions. Faccss of air is essential to success, otherwise 
anaerobic conditions may be set U[) with consequent putrefaction. 

The septic lank Lri-atinenL has not realised expectations, since it was claimed to have sidved the 
sewage difiicuUy l)y causing practically all the organic solh^ matter in be digested in the 
Exjjerience, however, has not confirmed thb, the amount of solids digested lieing a varying sina 
percentage dej>cnding on the character of the sewj^o, si/.e ol tanks relative to volume pealci, 
frequency of cleansing, etc, Anothei claim put forward was that the sewage after 
treatment was capable of easier oxidation, with or without the aid of cheimcaU, bul this has not 
been substantiated by experience. The suspen<led malteis are not efteclively removed, 
the tank liquor contains on an average fiom 10-15 gr. per gallon, tlius materially aneelmg t e 
state of the filters employed for the final purification. Sewage ought not to remain more t an 
twenty*four or less than twelve hours in a septic tank, and the longer the latter goes without 
cleansing, the more seritms will be the slate of the tank effluent. The main advantage ol a septic 
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tank is in its cqualisaiit^n of the sewage as regards strength and uniformity. The Royal Commission 
i^re of opinion that in certain circumstances the adoption of a septic tank treatment as a preliminary 
process is eiTicicni and economical. 

T'o promote fermentation of the organic solids in the sludge deposited, the 
liquid is removed with the least possible disturbance of the latter, which is then 
subjected to septic treatment in a special tank for the purpose. 

Sucli tanks have been devised by Travis (the hydrolytic tank), and by TruhofF (the Essen 
tankb The latter has a cylindrical form with conical ba^e ; the upper portion is a sedimentation 
chamber with sloping floors and slots at the base for allowing the slu<lge to settle into the section 
l)elo\v. The claim is made that the sludge when withdrawn is non-i>ulrefactive, and that a large 
percentage of organic solid matter has been clestroyed {“.Surveyor and Municipal and Giunly 
Engineer,” iqw, j). 625). 

In dealing with chemical clarificalion, the remark must be made at the outset 
that no amount of chemicals which can with any show of reason be added to 
sewage is sufficient to convert the whole or even the greater part of the putrescible 
matter into harmless forms. There arc also definite limits to the economic 
use of chemicals, for beyond a certain point an increase in the amount used 
docs not occasion a proportionate reduction in the amount of suspended matter. 

In ibe case of vciy dilute sewages, the colloidnl matlcr therein, being disseminated through a 
laige \tilume of water, requires enormous amounts of chemicals fetr jireciptlalion, the cost being out 
of all proportion to the juinlicalion obtained. Tlic net result of chemical clantic.ition is to bring 
the eHliu nt into a condition more .suitable for fihralron, winch latter process m some form or other 
is acknowletlgcd on all sides to be essential to any eflicient sxstem of scw’ag<- ]ntrification. Speaking 
gener.dly, therefore, the tise of chemical claritlealion is advisable when the sewage is concentrated, 
the available filtration aiea liiinled, and the sludge easil\ disposed ol. 

The prinriple involved in cheniic.xl cUirific.ilion is that colloidal substances of 
albuminous nature may be coagulated and precipitated by addition of bydrated 
precipitates such us those of iron and aluminium liydrovicles. The chief pre- 
cipitants used are aluminium sulphate, ferric sulphate, and lime, in conjunction 
with ferrous sulphate (green copperas); the choice dtpeiids largely on current 
market jirice and on facilities available for efficient use. Ferric salts have been 
found tspei ially useful where the sewages contain much grease, c.,;’-., at Wakefield. 

Oae of tlio chief diftioaUies enisnintcieil is llie tsinsiderablc qu.antilies of shul^e In be disposed 
<»f. Since this is capable of undergoing offensive decomposition. 


TIIR FINAL FURIFICATION OF SEWAGE 

'Fhc aim of all methods of ]mrificatioii is to remove suspended matters and 
to convert the carl>on and nitrogen of the remaining organic matter into inorganic. 
Accordingly the River Pollution Commission of 1868 advocated filtration through 
land, and the conditions then laid down hold at the present time. 

In any tlltialion process, whethor ihningli sand, gravel, chnlk, solid, or mivimes of these, an 
.absolute csseniial i'. free access of air to the interior of the filter, while tlie elfluenl should so flow 
through tile filter that atmospheric air is drawn through the pores of ilie material from the surface 
downwnnls. In 1S68 the action was regaeled as mechanical and chemical, and maintenance of 
the oxidising powers of the filtering medium <lepended upon absence of choking. Later investiga¬ 
tions iiave sliown, however, that p’Tilicalion ensues through the agency of living organisms, as the 
sewage furnishes abundant organic f<»od for bacteria. Now standing sewage is capable f»f change 
in tw'o directions, viz., in the presence of oxygen, when inoffensive products are formed, and in 
its absence when the contrary obtains. Any rational system is, therefore, based on these changes. 

Under special conditions crude sewage may be treated directly on filter beds 
after screening to remove coarse suspension, especially when the sewage is dilute 
and a considerable fall availaKie. Such beds are usually coarse percolating filters 
of sand, each having al)out i acre of superficial area, a depth of 4-5 ft. and 
being levelled, undermined, and separated from the others. 

None of the beds should receive the sewage for a longer period than six hours out of the twenty- 
four, for no air would he present with a continuous flow. Jty such n (irocess from 50,000-75,000 
galls, of domestic sewage may he purified per diem pei acre of sand-lied area (when there is nfit a 
large proportion of manufacturing waste present). The resulting efiluent In the majority of cases 
may be discharged into tlie .streams. 
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Sewage is applied to land after screening and sedimentation by two processes 
known as intermittent downward filtration and broad irrigation. In 

the former, the land functions like an ordinary sand filter and therefore must be 
open, porous, and have a sandy subsoil. When the land is of a retentive character 
with a clay subsoil, the latter process is suitable, the sewage being run over the 
surface and the purification effected by nitrifying organisms in the surface soil. 

This process is generally associated more or less with the former when the irrigation areas are 
undermined, to allow the land to dry oil' with sufficient rapidity. On a good land with sewage of 
average strength and eliminated of its sus|)ended matter by (itevious treatment, 30,000 galls, per 
acre per day may Ite treated, although with less suitable land the amount can drop to 3,000 galls, 
pet acre. 

The Local Government Hoard retjuires that sewage, after jircvious sedimentation, 
when applied to suitable land by broad irrigation, should not e.vceed 4,500 galls, of 
dry weather flow [ter acre per day {i.e., the sewage from 150 persons). Surplus 
land (25-50 per cent.) must also be provided for resting [turposes. With downward 
filtration 15,000 galls, is the limit for the most suitable land, and 25 per cent, surplus 
is usually required. 

After chemical precipitation, liowevcr. the efiiucnl may have a maximum aiiplicatiun of 30,000 
galls, pel acre per day. 

In almost all cases it will be necessary and certainly jireferable to adopt some 
form of preliminary treatment before final purification on filter beds. The artificial 
filters in general use are of two t\[)es which are broadly divided, according as the 
sewage is applied intermittently or continuously, into: (it) Contact beds; (/') 
percolating or trickling filteis. 

(a) Contact Bed Treatment. — I’his method i.s the result of Dibdm’s experi¬ 
ments on London sewage. The general charactei ol the bed was described earlier 
when aerobic decomposition was dealt with, although the tank in this ca.se is filled 
with coarse material such as cinders, clinker, or coke, carefully screened and graded 
to a definiii size. The material must be durable and expose the maximum of surface, 
conditions excellently satisfied by clinker. When a first conblct does not furnish 
a satisfactory efiluent, the latter is passed to another bed at a lower level where the 
filteiing material is of smaller dimensions, while if a third contact is necessary sand 
may be used. 

The complex physi<.il. chen)ii.al. ami bacteriological changes which lake place have heen 
pieiiously ihseussul. The colloidal shiny layer depoMleJ on the snriace of ihe fiUer, which is the 
seat of biological aclixil v. iiiiist he regulated by a cycle of opei.ations invohing a resting period, 
while a bed should not be filled more ihan thiee times in twenty-four hours, arranged in periods of 
eight so that the maximum di.iinage and aeration are obtained. The depth of the contact beds should 
not exceed 6 It. or he le.ss than 2t It., while over the drains mateiial of fairly large sire should he laid 
to presei/e ihe life of Ihe lied”as long as possible. In practice the filleting material must he 
washed when clogged. The woiking of the bed can he controlled by the amount of nitrate present 
in the elllu-nt, especially in the first discharge after a long rest, since the nitrates represent the 
overpliKs after deiiitrilieation, and point to aerobic conditions suited to the maintenance of organic 
life. When the beds are clogged crowds of worms often ap[>ear, demonstrating the lack ol air supply. 

(/') Trickling or Percolating Filters. —In these beds the sewage is not 
static as in the contact filter, but flows over the fragments of the filtering medium, 
so that oxidation is continuously proceeding. The filtering mateiial must expose the 
maximum of surface, and therefore must be as small as the maintenance of free air 
circulation will allow. 

The most suitable substance is hard furnace clinker, which, being of a rough irregular character, 
exerts little or no relentit ity for the gelatinous matter deposited on it. The lied should be of 
concrete, and upon it a tapered tiled floor is constructeil with air and drain^e spaces lietween the 
tiles, since aeration of the base of the bed with effective diainage is essential for a fully oxidised 
effluent. The external walls are usually of honeyconihed brickwork for side ventilation, and the 
effluent is sprinkled uijon the filter bed by an ordinary rotary distributor, the operation being dis¬ 
continuous, as each clement of surface receites a dose of liquid at given intervals depending on the 
speed of rotation. 

The effluent from percolating beds contains suspended matters which are 
removed by secondary sedimentation, and these beds must always be equipped 
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for arresting suspended matter, which, after a period of rest, is rendered granular 
and readily detachable from the filter. These beds differ from contact ones 
primarily in the predominance of nitrification owing to the constant presence of 
oxygen in its interstices. Consequently the effluent from these filters contains a 
greater reserve of oxygen available for further purification in the stream into 
which the effluent may flow. 

On llic other hnntl, th<‘re is a j^reatcr lt?n(lenry for inroiiijtlclely oxidised nitrogenous matters 
to escape from them, either in solution, in \hc colloidal state, as gianular residual “ humus,” or as 
deliris of growths Itiimed m the filter. In the contact hed this is obviated by tlie interaction 
between the nitrates and the imdecomposcd oxulisalile matter. Tlic rate of filtration may generally 
be almti.st doul»le that jtennissible in contact lieds. 


LOCAL GOVERNMENT BOARD REOUIREMENTS 

Based upon recommendations in the Bifth Rejiort of the Royal Commission 
on Sewage Disposal, the l^ocal (tovermnent lioard have issued a set of revised 
and supplementary rerjuirements with respect to sewage purification schemes, from 
which the following abstracts are made, f'or further inforniation see Apjiendix 
III., Vol. II., of “Sanitary Engineering,” by Moore and Silcock. 

lot (loineMic jmrposis tlic quamity of sewage to Ik. treated is csiimatcd at 30 galls, pci <lay for 
dry wt-atlier llow, to wliu li trade refuse, if any, must be .ul<led, and the total amount of sewage and 
ram water to be fully licatnl at the works is tbue tunes domcslu sewage i 1 trade refuse. 

Storm o\ertlows should be avoided wlu.re practicable, but when otherwise they should be 
so situaleil as to avoul possible nuisance. In .iny disiruT jiossessing an active rivei authority, 
the Ikiard will cicsire to be informed of the opinion of such aiillioriiy with respet t to any jiioposcd 
oveifli*ws, and the w-ires, in the ahsenre of any special eirrumslanees, should fie fiNcd* so as not 
to o|)erate unhl llie tlow exceeiK six limes tliat <if average dry wcatlur. Theie should be no 
overflow lor uniiealed sewage ttr siorin water at or near the disposal works. 

All licjuid deli\ered at the disposal woiks should fust pass through a s( recning cliamher, and a 
weir set at thiee tunes the dry we.ulier Ilow should he Jilaced hclow the screens, and any xolume 
jtassing o\er should he dealt with in storm tanks. The tanks should he of such a number that 
llieir total eapacily is iKit less than a ijuarier of ilie dry weather flow, and so ananged that when 
full tlie\ will act as “continuous tlow'’ lanks. 'Ihe lii|Uor fiom the tanks can he dischaigcd 
without further irealmeni excejil in s|H‘tTal cases, and the sludge may be ileall vMth by any of the 
usual methods suitalile for ihe paiticular circumstances. In cases wiu-rc suitable land is available, 
tietntus tanks followed bv irrigation may substilute the storm tanks. 

Sewage Treatment. —There should he two <»r more deiiitus tanks helow the .screening 
chamber of c.Tpaciiy altoul of the dry weather flow. The septic tanks should not he less 
tlian two in nuinher, and have a total capacity scunewhere in the \iiTnii\ of the dry weather flow. 

'Ihere should not be less than eight tanks foi (juiescent lieatineni l»y chemical precipitation, 
each t)f whidi should ha\e a cayiacily of alaiul lw«) hours’dry weather flow, wliile for continuous 
flow not less than two tanks with a total capacity of at least eight hours'dry weather Ilow. In most 
cases a greater number of tanks is desirable. 

Settling tanks for ipiiescenl Irealmeni should I>e the same as in chemical piecipitalion, while for 
continuous flow not less than two tanks viih ten to fifieen liours'dr) weatliei flow capacity are 
required. 

In determining the Mze of pi-rcok\ting filters and contact heils, the Hoard liave adopted the 
divisions into “ strong,” “average,” and “ weak ’ sewages recommended by the Ktiyal (.‘ommission, 
to allow f'tr the strength of the sewage to be treated. 'I'he strength of sewage should Ik* ascertained 
when possilile by analysis, atcrage samples of crude sewage being taken in dry weather at 
ftequent and regular intervals throughout ''e\en days, and in [iroporlion l<i the flow. Tossibly in 
the case of small works, the period for taking .samides for analysis may lie somewhat shorter, and 
not less than forty-eight hours, .Saturtlay and Sunday being excepted. 

In every case the daily rainfall during the period when the samples were being taken should be 
noted, and also ascerlamed foi llie seven piecedmg <la\s. 

The analyses should in all ca.ses include the followiti}; items in parts per 

100,000:— 

Ammoniacal nitrogen, albuminoid nitrogen, total nitrogen, oxygen absorbed from strong 
potassium permanganate in three minutes, .11 So' I-. (3.04 j;ni. KMnO, per litre), the previous 
aij.scir|iiion bvint; for four hours, suspended solids, soluble solids, and chlorine. 

It is also desirable that the amount of dissolved oxygen taken up during the 
oxidation of the ammoniacal and organic matters of the sewage .should be given. 

The results of analyses require proper interpretation, but as a rough guide the 
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strength of the sewage from the figure for oxygen absorbed at 80“ F. during four 
hours may be classified as follows 

“Strong” sewage, 17-25 parts per 100,000. 

“.‘\verage” „ 10-12 „ „ 

“Weak” „ 7-8 

In cases where the sewage cannot be analysed its strength should be estimated 
according to the water consumption, flow |)er head, type of sewerage system, 
whether water-closets are in general use, volume and nature of trade waste, amount 
of dilution by subsoil or surface water, etc. Failing satisfactory evidence to the 
contrary, it will be desirable to assume that the se«age is “strong” for estimating 
the refiuisite capacity of the disposal works. 

IClIlucnl tanks or filters (with a cagneity of aliout two hours’ dry weather flow and protision for 
sludge removal), or shallow .straining filters, will in most cases he ncrcssary for preventing sus])ended 
matters passing into the river, where the ellluent is not irrigated on land. 

Sludge Disposal.—This constitutes the “Sewage I’roblem ” of large inland 
towns. In the case of small works land drying or lagooning is resorted to in [ilaccs 
remote from habitations. The dry sludge is sold to farmers, or dug into the soil. 

Trenching in the ground is preferable for works of medium size, while for large 
works with limited land area a preliminary treatment of the sludge by filter pressing 
is desiiable before disposal to farmers, or on to land, or burning with town refuse. 

'I'he interesting cases of Salford, Oldham, and Kradford will now be quoted. 

At Salford the apiflication of chemicals is favoured by the condition of the 
works, since the area available is resit icled owing to the site of the works, while the 
sludge is sent to sea in a .steamer, so that, standing charges having always to he 
maintained, an increase in sludge production does not necessarily mean a propor- 
tionatc increase in cost. 

At Oldham, ('■rossmann (see English ratent, 16,31)7, 1908) has in course of 
election a jdant to receive grease and manufacture a manure from the sewage. 
The sltid'H- is successively dried by mechanical means and hy heat, mixed with 
sulphiiric'^acid, and subjected to non destructive distillation by means of superheated 
steam wh'-reby all the fatty matter is carried over and condensed in cold water. 
The retort residue, which contains nitrogen, potash, phosphates, and organic matter, 
may be used is soil or manure, being sometimes mixed with nitrates, potash, and 
ammonia s.ilts, lime nr lime compounds, or phosphates. Phosphoric acid, suiier- 
phosphates, or at.id sulphate of lime or of an alkali may be used instead of sulphuric 
and, and, if precqiitants have been used for the preliminary treatment of the 
sewage, or if the sludge has been mixed with lime, basic slag, or the like to 
facilitate filter-pressing, a larger i|uainity of acid will be necessary. 

At Bradford the sewage contains tin enormous quantity of wool-scouring 
effluent, and the recovery of grease has been embarked upon to such an extent that 
the return trom its sale exceeds the working expenses of the tank treatment. 

The sewage, after screening, is treated with sulphuric acid so that there is an 
excess of to parts H,_,S04 per 100,000. Ihe acid sewage then passes through 
settling tanks, the sludge being conveyed to cast-iron vats, where a further quantity 
of sulphuric acid is added, and the temperature raised by steam to 100 C. It is 
then run into steel rams and, by means of compressed air, forced into steam-heated 
filter presses, where the process of pressing lasts from twelve to twenty-four hours, 
hot sludge and steam being alternately admitted to the press. I’he pressed liquid, 
consisting of water and fat, is run into special vessels for the separation of the fat, 
after which the fat is boiled with acid and black oxide of manganese to render it 
marketable. 

I'hc amount *>f wel sluilgc pnkdured per annum is about 100,000 lon^, and contains approxi¬ 
mately 80.15 per cent, water and 7.43 per cent, grease, (‘(piiyalent to 37.7 per cent, grease on the 
dry matter. The amount of pressed cake produced annually is about 20,000 tons, containing about 
i7 per cent, water, and part of this is used for fuel in specially constructed furnaces. The fuel 
value is alxml is. 6d. per ton. Another portion is sold to farmers at 3s. 6d. per ton, while .some is 
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dUinlegrated, and fetches 5s. 6d. per ton as minure. The dried disintegrated cake realises 6s. 3d. 
per ton (see “ Thorpe's Dictionary of Applied Chemistry,” Vol. IV,, article on Sewage). 

The Royal Commission (Eighth Report) recommend a normal standard for all 
sewage discharge into non-tidal waters, except where local circumstances justify a 
special one. A normal standard effluent should not contain more than three parts 
per 100,000 of sus|iended matter, and excluding sus[)ensions, i.e., after filtration, it 
should not absorh at 65“ F. more than;— 

{a) 0.5 part by weight per 100,000 of dissolved or atmospheric oxygen in 
twenty-four hours. 

(b) i.o part by weight [ler 100,000 of dissolved or atmosplieric oxygen in 
forty-eight hours. 

(c) 1.5 parts by weight per 100,000 of dissolved or atmospheric oxygen in 
five days. 

Although these tests are open to some criticism, they do bro.adly serve to deter¬ 
mine whether an eflluent is likely to give rise to a nuisance or not. 

A claim fora relaxed standard max be entertained undot the fi)llt>\vin{^ ctmtlitious- 
(a) When it can bo ^how^ that llio particular rain water is ol sucli a <jualii\ ami volume tlial, 
when mixed with a sewage or sewaj^e li(|uoi of known or calculated siron^th and volume, it does 
not lake up mote titan 0.4 pari per UKt.Oooof dissolxcd oxygon m live days. 

{h) Wlion tlioie is reason to .suppose, or when il can ho shown, that the rixei will leceive no 
furlher pollution, until it lias recovered so far as not lo take up in live days an amtuml of di.ssclved 
oxygen much in execs-. o( that xxhich it took up before receixing the lirsi discharge. 

The following limiting tiuanlities fur various harmful sLib.sUincc.s were obtained 
by Haselhoff as the result of direct experiments at Munster, upon carp, te^ch, and 
gold-fish (sec “ Landw. Jalirliuch,” 1897, 26, 76; 1901, 30, 5S3; also see Lunge 
and Keane, “Technit'al Methods of Chemical Analysis," Vol. L, Part II., p. S36). 
'I'he figures ahva)s refer lo 1 htie of water, and indicate the point .at which the fish 
became ill or died. 

1. O.xygen content. Unharmed at 2.8 c.r., i.e., about one-lhiid of the oxygen u->aally piesent 
in flowing water. The i-tiect ol a deliciencx of oxygen m putrefxmg xv.itcr i-> associate'f xvilli t>tlicr 
changes including the formathm of sulistances 2 to 5, which may be injurious. 

2. H.jS : 8-12 mg. 

3. FieoC(-).j: 100-200 mg. 

4. hree Nil17 mg. for small, 30 mg. foi large tish. 

5. (NlIjl-CO; j 2NlblI.C(),: 170 180 mg. - 36 jS mg. aminoiiia 
0. N11,t‘l: 0.7 i.u gi. 

7. (Nll,),_,SO,: 0.7-1.ogi. ' 

S. K:l( :i : 15 IJi. 

9. Xa.CO.: jgr. 

10. Ca('l.,: S gr. 

11. Mg(l: 

12. SrCb: 145-172 mg. which can be raised to 181-235 If added gradually lo the xxaler. 

13. UaCL: In individual cases 20.3 mg. acted injuriou-ly, while in others 64.3-500 mg. pro¬ 
duced no cfi'ect; fish seem lo he very variously alLcled hy HaCl^, and lo be able lo accustom ilrem- 
selves lo it lo a certain degree. 

14. NajjMO,: 31 mg. Na^O-llOrng. Na^jSO,. 

15. CaS04: 8 mg. 

16. Fe" and Fe'" sulphates: Injurious action varies with the amount of flocculent feiric hydrate 
which separates; ex|)crimenls showed an injurious eftect with 4050 mg. of FeSO,, but found 
15*30 mg. of ferric suljxhale deleterious. 

17. Free lime: 23 mg. 

18. Free ll.^iSCb: 35-50 mg. SO... 

19. ll.jSO;j r 20-30 mg. 

20. Free IK.' 1 : 50 mg. 

21. K2AyS04)4 24HJ.O : 3:0 mg. 

22. KyCrj5(S04)4 24ILO : 730 mg. 

In examining the contammation of a stream due to effluents from a works or 
factory, the sample must be collected at a point where a possible injurious effect is 
suspected, as otherwise, in consequence of self-purification, tlie water may subse¬ 
quently lose its specific deleterious character. 'I'he use for which the water is 
destined must be taken into account since a water injurious for one purpose may 
be quite harmless for another. 
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ANALYTICAL METHODS 

• For making the ordinary physical, chemical, and microscopical analyses of 
water or sewage the minimum quantity necessary is 2 litres, and for a bacteriological 
examination, 2 oz. 

The collecting vessels must in every case be thoroughly rinsed with the water 
before being finally filled, while the stoppers should be of glass, pottery jugs or 
metal containers being excluded. The following intervals allowable between 
collection and analysis are fairly reasonable maximum limits, although, generally 
speaking, the shorter the time elapsing the more reliable the results. 


(irouml walerb - 

. 72 hr. 

Fairly puie surface walcr> 

- 4X 

riilluted surface walets 

13 

Sewage eltluenlb 

6 „ 

Raw sewi^es - 

6 ,, 


If sterilised by the addition of chloroform, formaldehyde, mercuric chloride or 
other germicide, samples for chemical e.xamination ma> be retained longer, but 
this will vary according to lo'-al circumstances. Should unsterilised samples of 
sewage or highly jiolluted surface waters be not analysed on the day of their 
collection, the organic I'ontents are liable to material change on standing. In the 
case ot sewage, representative samples must be taken. 

Some minor physical projieities are tem[)erature, turbidity, which is determined 
against a silica standard by a |)latinum wire method; colour, which is measured 
against a standard solution of pota.ssium platinic chloride and cobalt chloride ; and 
odour, which is valuable for detecting organic growths or sewage contamination. 

The results of chemical analysis are preferably stated in parts [ler 100,000, 
although grains per gallon is still a common method of expression. These may be 
. intcrconverted as follows 

I grain per gall. 1.1,5 l’'irts per 100,000. 

I part iier 100,000 = 0.70 grain per gall. 

For Dr aking Water ilie Inlli.Huig f.icloi-. aie lou.illy eaiin.Uol .— 

Osigen runsmnution v.iluc. I l.u'dncss, tcmp'T.iry and [H'rniailellt. 

NilViigfii as lutralL-s and niliik-s. Aiipearance, coloui, and taste 

tree .iinl allmminoid aminuma. li-ietcria pel cubic ccntmieiic. 

Tot.il solids. I’resciicc ut poisonous metals. 

Suspended nniUer. 

For Technical Purposes die follmiing serve 

Tot.il .soliiLs. l.iinc factor. 

Tiinporary and permanent liardiics'i. Tests for ma,gne.siuni, sulpliales, and clilotide.s. 

Atidin or .ilKalinlti. 

For Sewage and Effluents 

To! d oxygen coiismnption value from acid t'hlorine. 

permanganate in 4 hours and hi ,4 mins. Suspended inaltci. 

Nurogen as ainnioniacal, ailniininoid, I’utrcsciliilily. 

nitrous, and iiitrie. Consimiption of dissolved oxygen. 

The Total Nitrogen is dvtcrniincd by the Kjeldalil piocess (/.c., heating with concciilratcd 
sulphuric acid whereby the nitrogen is completely coineitcd into aiiimunia). 

The Free Ammonia, which is an intermediate stage in the tiecomposition of oiganic rnalter, 
maybe detcimined either liydistillation (for most w.iters) and Nessleris-alion, or direct Nesslerisation 
(for sewages, etc.). Ammonium chloride was almost Ihe only .slamlaid formerly used, but now the 
permanent plalinum-colialt standard is coming into more geiieial use. 

The distillation proce.ss i.s now being performed by steam, which li.is the advantage of yielding 
ammonia more promptly, avoids pumping, and permits the as.sa^’ of solid matter. 

Albuminoid ammonia is estimated liy a distillation with alkaline potassium permanganate, 
whereby nitrogenons organic matter is converted into ammonia, which is then determined by 
Nesslerisation. 

In sewages and ofher liquids containing considerable qinanlities of nitrogenous organic matter, 
th^ percentage which is ammonia forming is decidedly variable. Foi this reason the albuminoid 
animnnia results are less valiiaiile than the total organic nitrogen. For ground and surface waters 
containing but little pollution, the albuminoid nitrogen quite uniformly approximates to alxiut lialf 
the total organic nitrogen. 

VOL. L—I .q 
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Th« Protcid Amnonia <letenTiination and Us signi6cance has been dealt with earlier. 

Nitrites, which represent the second stage in the transition to nitrates, are determined 
against standard nitrate solutions by adding 2 c.c. each of standard sulphanilic acid and a-naphthyl- 
amine solutions in acetic acid, to lOD c.c. of the sample decolorised by aluminium hydrate. 
Acetic acid permits of llie colour developing more slowly than hydrochloric acid. 

Nitrates. —No single method appears to l)e applicable to all classes of water, each being 
subject to considerable error. When the amount of chlorine is less than three parts per loo.ooo 
the ])henolsulphonic acid process i*, recommended, and when exceeding this, as in sewage work, 
the reduction method is preferable. 

Oxygen Consumpbon Value. —This is the amount of <ixygcn consumed from an acid solution 
of ]iotassuiiu permanganate. The expression is .synonymous with the “oxygen required or 
absorbed.” Since it js carbon ami not nitrogen which is attached, the determination is frcque.Uly 
referred to as an indication of the carbonaceous organic matter present, although the carbon in the 
nitrogenous matter is as readily oxidised. The carbon present in nn.stable organic matter is not 
directly difterenlialed from that in stable, e residual humus, matter. Nitrates, ferrous iron, 
sulphides, etc., if present, will increase the consumption, to which a necessary correction should 
he applied. Unfortunately so many forms of procedure have been proposed (for whicli analytical 
books must he consulted) that the most favourable basis has not been established. The following 
Conclusions arc taken from the Kepoit of the Amciican Commitlee. 

From a strictly scientific .standpoint the thirty-minute period of digestion at boiling temperature 
in a water Isatli apjx'ars to give the most satisfactory results as regards uniformity and freedom from 
personal errors of manijiulation. In connection with sewage works analysis, to which the usefulness 
of this method is princip-illy confined, it is recommended that the iiermanganale solution lie added 
to the samide l^fore lieating in order to incliulc the oxygen consumed by volatile compounds. 

Total Residue or Total Solids is iletermincd liy evaporation. 

Hardness and Alkalinity. —1'otal hardness is comumnlv measured by the soap-ilestroying 
power. 

Temporary Hardness or alkalinity is obtained by dnect titration with N/io II.,SO^ and 
melh)l omnge. 

Permanent Hardness is determined by placing 140 c.c. of Ik.O, say, in a flask with 10 c.c. 
N/io Na.,(X),. The whole is evaporate<l to <lrynoss on a sand bath, and healed for n short time to 
convcil the MgCO.. into MgO. Tlie ro^idlle is then taken up several limes with small quantities 
(3-4 c.c.) of cold w'aler, and the extracts filtered through a small filter, alterwards lieing titrated 
wiili Nyio ILSO4, using methyl orange as indicated. 

Acidity, due to free carbonic acid, free sulplmric acid, and .sulphitC'; of iron and aluminium, is 
cletermined by titration in llu* cold with standard Na._,CO.j and plionclphlhalein. 

Lime Factor. —This is the numher of grains of CaO which wi!' read with i gall, of water. 
The lime is added to remove temporary hardness, carbon dioxide. Convert mignesium salts lo llie 
hydrate, and precipitate iron. The water is sh iken uj» with excess lime-water for some time, filtered, 
and tlie excess lime determined Ity liirulion. 

Chlorine. This has its origin in water and % wage, for the most part in the common salt either 
from mineral deposits or from household and manufacturing waste. ( omparivon of tlie chlorine 
content of a water with Ihit of other watiTs in llie general vicinity known to be unpolluted, 
frequently gives useful information as to its sanitary quality. 

The determination is usually made by silver nitrate against standard salt solulion.s, using 
potassium chromate as indicator. 

Iron, Mtngatie^e, Lead, Zinc, Copper, and Tin. —For analytical methols anJ modes of 
sejiaration, an,al)’tical text-books should be consulted. 

The Dissolved Oxygen is usually determined by the methods of Winkler, Thresh and Levy, 

Winkler’s metli<Kl depends on llie *acl that manganous hydroxide is converted by oxygen, in 
presence of alkali, into manganic liydroxide, which reacts with hydrochloric acid to fonn manganic 
chloride; this decomposes immediately into manganous chloride and chlorine, liberating iodine 
from a st.andard ]>otassium iodide solution which is then titrated witli sodium thiosulphate solution. 

Putrescibility is determined by the decolorisalion of methylene blue, the iclalive stability 
corresponding to the time required for reduction. Those llial arc Iduc at tlie end of four days may 
be given a relative stability value of 95, except when great accuracy is desired. 

In general, effluents having a relative stability greater than 90 may be discharged into any 
stream without danger of their consuming any of the disiiolved oxygen of the water, because effluents 
of such high stability will retain oxygen indefinitely on exposure to the air. 

hor details of analytical methods the student is recommended to consult “ Standard Methods for 
the Examination of Water and Sewage,” l>y tlie American Tublic Healtli Association, and Vol. I., 
Part II. of “ Technical Methods of Chemical Analysis,” by Lunge and Keane. 
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AliRATKD WATERS 

Machinery. - In the l arln st aiipiiralus for saturating watir with carbon 
dioxije, the gas was gcncnitod in a small vessel from sul|)hunc acid and chalk, and 
was forced, mainly by its own pressure, into a jai or biiried containing the water. 



Fiu. I.—Carbonating Cylinder (Geneva Process). 

• ’ 

In Paul’s factory, in Geneva, in 1790, a pump was used to force the gas into 
1 cylinder containing the salt solution, and this system of carbonating, which 
became known as the “ Geneva Process,” is still used to a small extent in 
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modern mineral water factories, chiefly in cases where a small amount of liquid 
is to be carbonated. 'I'he same system is also used in breweries for the carbonation 
of light beers, the cylinder being usually made of gun-metal. For most purposes, 
however, the Geneva process has been superseded by the continuous process 
which is based upon an invention of Hamilton (English Patent, 3,819 of 1814), 
the principle of wliich was soon after adopted by liramah. Various modifications 
of Bramah s machine have been devised, but the essential features of the original 
machinery have been retained. 

The gas cariHjn dioside coming fiom a gasometer or .a genetrrtor is piimperl In me.in.s of a force 
jiunip with a sulid plun[.^fr inl<» a cUindcr, ulicre il nuxts witli a supply of water, whicli it saturates 
at the rc«[uncti picssun.-. Thonre the impie^naletl water is toinewd to a IxiUlitij; machine in 
which a regulated amount ol sofia soluiiiin or s)rup is introduced into the liotllcs aiul the Idling 
completed with the .vttuiatcd water. 



I' Hr. 2.—Hayward Tyler’s Conlinuoua I’rocess Machine. 


The Gas Supply.—' rhe carbon dioxide for saturatini; tlio water is produced 
in a generator by the action of sulphuric acid or hydrochloric acid u{)on chalk or 
sodium bicarbonate, or as is now the more ii.sual practice, tubes of liquefied g"as 
are connected with the gasometer which feeds the soda-water pump. 

The Itnuefied gas is sometimes«deri\ed from hreweiy fermenting tuns, Imt is more frequently 
obtained from the products of the ronilmstion of rolce or rlmrcoal \sec p. 141. section on (Jurlion 
Dioxide). Natural carbon dioxide is also used in places where it is axaiUldc*, and several of the 
sparkling mineral walcis ujxm the markt-i have been impregnated with the g;\s whuli issues at the 
same lime as the water from the rock. 

The Pressure pf Saturation.— In the mineral water factories a pressure 
of upwards of 200 lbs. to the square inch is frec|uently recorded upon the indicators, 
of the soda-water machines, but there is a considerable loss of pressure in bottling 
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the saturated liquid. In the case of the modern counter-pressure bottling: 
r^tachines, however, a much lower initial pressure can be used, and there is less 
loss of gas during bottling. 

As a rule the contents of a bottle of soda water will show a pressure of 55-100 
lbs. per square inch, while the pressure in bottles of sweetened goods such as 
lemonade and the like will be considerably lower. 



Fio. 3.—’Uacdoncll's Aulomatic Itotllinj; Machine. 


It is csscnti.i] Id IjoUling that llu' c.irI>on dio.\i(ic sitoiikl be free from air. Otherwise the 
aerated lu|uid will rush violently from the bottle, but will become flat almo.st immediately. Well- 
made soda water can be poured rpnetly out of the birltle, and will continue to emit bubbles of gas 
for at least live minutes after opening. ^ 

Natural Mineral Table Waters. —Many of the loss saline mineral waters 
are bottled for table use, and in the case of some of them {e.g., Apollinaris water) 
the gas that issues naturally with the water is collected and used for impregnating 
the bottled product under pressure. In this way the water within the bottle will 
contain the same gas under approximately the same pressufe as before it issued 
from the rock. 
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The following table gives the proportions of the main constituents in parts |ict 1,003 in some of 
these table waters:— 



Sodium 

Ctiloride. 

■Sodium 

Sulphate. 

Sodium 

Bicar- 

b(jo.iie. 

Calcium 

Bicar- 

lionate. 

Mag¬ 

nesium 

Bicar* 

bonatc. 

Iron 

Iticar* 

bun.ite. 

Silica. 

Potassium 

Bicar¬ 

bonate. 

Calcium 

Sulphate. 

Apollinaris - 

0.438 

0.247 

2.015 

0.400 

0.858 

0.084 

0030 



Gerolslein - 

0.25 

O.IO 

0.89 

0 -.'i 7 

0.45 


0.08 

... 


Johannis • 

1.02 

0.03 

0.36 

0.74 

030 



O.OI 


Sulis water • 

0.02 

0.03 


0.01 

0.02 

0.017 

0.04 


I. 3 I 


In addition to the Bath water, which is sold for table purposes under the name of .Sulis water, 
several spas (c.;-,, Buxton and Malvern) now bottle their less s.aline products for drinking pur[)oses. 

Imitation Mineral Waters. -The early attempts to imitate natural .saline 
waters aimed at their preparation for medicinal purposes. The water prepared 
by Bergman in Sweden, ( 1 . Paul in Geneva, and by Struve at his “spas” in 
Dresden, Leipzic, and elsewhere, were manufactured in direct imitation of the 
natural mineral waters. 

In the case of Struve’s products, lire coinprsition was based upon exact analyses of the natural 
waters, and it was claimed that the arlilicial products were criual in every respect to the originals. 

Gradually the demand for artificial medicinal mineral waters declinerl, and although the recipes 
for their piciiaration are still to be found in the maiuifacturers' handbooks, it is probible that at the 
present day they are seldom made. 

Soda Water. —Originally soda water seems to have been made in imitation 
of the slightly alkaline effervescing natural waters. It then hecame an ollicinal 
drug of the Pharmaeopueia, and was required to contain 30 gr. of sodium bicarbonate 
per pint. Since 1898, however, soda writer has no longer been included in the 
Pharmacopreia, and the [troportion of sodium bicarbonate has been considerably 
reduced to meet the popular taste. 

Potash and lithia waters are also no longer official drugs, but the old 
standards of 30 gr. of potassium bicarbonate and 10 gr. of lithium carbonate per 
pint are still usually followed, since these preparations are definitely bought for 
medicinal pur|)oses, and have not, like soda water, become popular beverages. 

Radio-Active Mineral Waters.— 'I’he discovery of the radio-activity of 
waters, such as those of Buxton and Bath, has supplied a probable explanation 
of the therapeutic effects of the class of waters that were formerly described as 
“indifferent.” 


According to the estiroutions of Sir William K.ims,iy, the waters of lt.ith have the following 
radioactivities: —' 

Milligrammes per 
million litres. 

Radium in watcM of ihc King s Well - ..... 0.1387 

Niton (radium emanation) in King’s Well 
Niton ,, ,, in Cross Well 

Niton ,, », in lletling Well - 

Niton », ,, in gas from King’s Well 

* These figures are the weights of radium capable of forn 


1 . 73 * 
1.19* 
1.70* 
3 !- 6 S' 

ming the amounts of niton found. 


Another method of measuring the radio-activity of natural waters is as follows: 
The amount of radium emanajion in a litre of water is first estimated. It is then 
distributed throughout a definite volume of air, which may be made to circulate 
through the liquid until charged with emanation, after which its effect upon an 
electroscope is determined. 'I'he fall in potential during an hour' is measured and 
calculated in electrostatic units. The result multiplied by i,ooo gives the number 
of “ Mache units." 

' Chem. News, 1912, cv., p. 135. 
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A special apparatus for testing waters by this method has been devised by 
Henrich.i 

As a rule natural mineral waters do not show a very high radio-activity; but the Joachimsthaler 
spring produces water that shows 14,000 Mache units. 

According to Landin,® a suitable radio-active strength for artificial radio-active waters intended 
or drinking is 10,000 units, while baths may l>e used at 200,000 units. 

In the preparation of artificial radio-active water a minute quantity of a radium salt is dissolved 
n a measured quantity of ordinary pure water, or of a water that is already radio-active. 

Bottler of special construction have recently been made to contain artificial radio-active waters. 

Brewed Goods. —Ginger beer has now become an essential branch of the 
business of the mineral water manufacturer. It is made by subjecting an infusion 
of ginger, containing sugar and citric or tartaric acid, to a limited fermentation 
with yeast. 

The finished beer, after maturing in bottle, ought not to contain more than 2 ]>er cent, of proof 
ipirit, but if a wrong yeast is used, or tiu beer becone? infected with cerUn wild yeasts, the 
proportion of spirit may reach as much as 15 or 20 per cent. 

Otlier brewed products include non-alcoholic hop ale and “ botanical beers,*' 
such as honihound beer and the like. These are made in a similar way to 
ginger beer. 

Bacteriological Conditions.—Although carbon dioxide is an antiseptic 
agent, especially when applied under pressure, the conditions under which soda 
water is bottled do not sterilise the litjuid. A certain proportion of the bacteria 
that may be present in the water will continue to develop, although experiments 
made by the writer show that eventually the water will become sterile. 

If prej^red under insanit.iry conditions soda water may show a high degree of impuiily. For 
example, commercial samjdes have been found to contain over 1,000 micro-organisms per cubic 
centimetre, whilst />. -a// lommitnis could lie isolated from l c.c. of the li(|uid. 

A main l.iusc of the contamination is tlic old paste upon the labels, which are removed from the 
bottles by Sv.iking in hot water. It is es>ential that the water in this tank should be kept distinct 
from the water used for cleaning and rinsing the Kittles. However great llie care to prevent any 
contamination, sterility is not to lie expected, 1ml in well-made soda water the number of micro- 
organisn»3 does not reach 100 per cubic centimetre. 

Object^’onable Fermentations.—In sweetened goods, such as lemonade 
and ginger ale, fermentation processes ma)' be set up through the use of impure 
sugar or want of cleanliness in the factory. 

A mucinous fermentation which causes the contents of a bottle to gelatini.se, is caused by various 
micro-organisms, including JiaciHus vhi-o:,us saichart^ B. ^s^elatinosum betity and Leuconostoc mesen- 
ieroidei. Wdd yeasts introduced during the manufacturing process may cause an excessive pro¬ 
duction of alcohol, especially in ginger beer, or may set up fermentations producing a bitter flavour 
or fruity odour. If air has access to a bottle of a brewed liquid, through a defective cork, there is 
also a stroiig piobability of souring taking place through acetification of the alcohol. 

Metallic Contamination.—The principal metallic impurities to be expected 
in aerated waters are tin, copper, and lead. Tin may be derived from the action 
of acids upon tin pipes conveying the syrup to the bottling machines. The syrups 
used in the preparation of lemonade are strongly acid, and it is therefore essential 
that the pipes and tin-lined machinery should be thoroughly washed at the end 
of each day. 

In most modern works, however, tin pipes are no longer used, their place 
being taken by glass tubing with rubber connections. At one time copper 
was a fairly common impurity in aerated mineral waters, but now that the interior 
of the cylinders is lined with tin, it is rare for copper to be present. 

Lead is still not an infrequent impurity in sweetened goods, into which it is 
introduced with.the citric or tartaric acid, which almost invariably contain traces 
of that metal. When it is present in soda water, which is very rarely the case, its 
origin will probably be found in the solder on the joints of tin pipes. 


r Zeit. attgnv. Chem., 1910, xxiii., p. 340. 


s Chem. Zeit., 1910, xxxiw, p. 102. 
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Traces of iron may sometimes be found in soda water, and will cause trouble 
from discoloration when any liquid containing tannin is mixed with the aerated 
water. It may be introduced as an impurity in the soda, or by contact of the soda 
solution with some iron object. 

The question of the detection of inehdlic impurities in mineral waters, and in citric and tartaric 
aci<ls, is ilealt with by Itudden and Hardy 1894, \i\., p. 169), anti by Tatlock {Analyst^ 

1908, xxMii., p. 173), who criticises the limit of 0.002 \mh cent, suj'gesled in 1907 by the Local 
(jovernment Board as the maximum jierinissilile tjuantity of lead In citric an«] tartaric acids. 

The pussiitiliiy of arsenic iiccurnng in mineral waters is suggested by the facts that traces of 
that substance luivc been found in lartaiic acitl, and that glucose is sometimes used in the prepara¬ 
tion of the syrups foi Uilthng. 


'/'he bloi lUu^iraiui^ thu suiion have bun kindly Unt by Ma^trs Hayicayd 7'yler c*' Co. 
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SECTION XVIII 

THE SULPHUR INDUSTRY 

Bv (lEOi FRKY Mar'iin', ]’h.l)., D.Sc,, and J. Loi'is Foucar, B.Sc. (Lond.) 
LFIKRATURK 


‘St'O unilcr “ Sulj>liiiric .\Kn iIk follnwintr:— 

A. G. Sai AMON.—Aiiide oii Sulphur m 'ilioipi 's “Dioiunary of Aj)plic(l diemistry,’ 
Vol. 1013. An cxrdlrnt .udiurii. 

Lucas.- Juum. Ind. nmi I’'cl>ru.ir\ ji. 140. 

riduun.--<•//., p. 143. 

/ou/n. hid. and (. 7 /^///., I Vhruary 1912. p. 132. 

“ C'p(i)l<»gical Survey of Lomsiana,’” 2 vols., JX90, 1902. (U.S.A. (Icolu^ical Survey.) 

Jouni. itOi. Chm. Jnd., ibSi, 1, p. 415; 2 pp. 10 ,in«l 202; 3(18X4), p! 392; 7 

(1888), p. 162. 

hum. S<u. A>/\. 18S2, p. 724. 

('HANt R.— Ijiplisl) l*iiieni, S,6I»6, 1SS7. 

G\ AUS. —Knjilish Patents, 3,608, 1S82 : 5,070, 1SS3 ; 5.958, 1883 ; 5,959, 1883; 5,960, 1883.' 
Lmandlkk :uu 1 I'’kasCH. -“ Ilistniy of ilu,' lA|iloH.UJon of lljc Siilphui Deposits of 
Loiiisian.i.’* /otun. Sv,. Clum. hid.., 1912, p. 168. 


NATURAl. SULPHUR 

■Sdli'hi'r occurs in ccrtjiin volcanic and oilier districts in the native state, the 
principal of which arc Sicily, Louisiana, Japan, New Zealand, Wyoming, Russia, 
and certain districts in the Central American region. 

'I lie ilcposhs in Sidly arc woikcd Ey the (iovernment, who arc endeavouring to exploit the 
cxpoii of the sulphur rock. If this can he maintained of uniform cjualiiy and sulphur content, it 
.should ])rove ejuite suitahlc for the production of sulpluir dioxide. Those deposits which provide 
most of llie Sicilian sulphur are not direetl\ of solfalaric' origin, but arc found in sedimentary 
<lef)osits of t’pper .Miocene .rge.‘ in which lhe\ have l)een imdiably firmed from gypsum, with which 
mineral ihty are inlim.'itely associated. Sfi.ace docs mil jierinit of any further discussion of the 
ultimate origin of this sulphur. 

Extraction of Sulphur. During recent years the old wasteful “calcarone” 
method, now fortunately practically obsolete, of extracting sulphur from the “rock” 
or mixture of materials with which it is associated has given place to other more 
scientific jirocesses, of which the Gill kiln is perhaps the best known and most 
•widely used. 

'I'his furnace was paienlcd as long .ago as 1880 and consists of a .series of connecting chaml)ers, 
which are worked together in series; the first contains a fre.sh charge, and the last the residue of 
a former fusion. These chaml)ers arc circular in plan with dome roofs. Air ks allowed to enter 
the chamlier containing the residue, becoming thus preheated ; it passes through the connecting flue 
into the next kiln, where some sulphur is burned, and the heat evolved melts most of llie remainder; 
the hot gases then pass through a third and sometimes fourth kiln, healing the charges in those 
chambers and condensing any sulphur vapour; the draught induced by means of a chimney. It 
ds evident (hat such a series of kilns can be worked in regular rotation, as, of course, is the actual 
practice. 

For rich Orel— I'.e., over 25 per cent. S—the (!ill steam liquation process is 
more economical. 'I'he great advantage of this method is that the ore may be 


* Mill. Ind., viii., p. 592. 
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maintained at that temperature at which sulphur possesses the lowest viscosity^ 
and is therefore most easily able to drain away from the perforated kettle in which 
the ore is placed and heated. 

Sulphur is refined by disiillation. For the manufacture of gunpowder it was necessary that it 
should be very pure, but now that gunpowder is becoming obsolete, and im})roved methods of 
sulphur mining have l>een introduced, only a comparatively small proportion is further refined. 
Whereas in 1905 there were some 1,720 mines at work in Sicily, there were only 476 in 1910, 
though the drop in consumption has only lieen from 427,719 to 391,971 long tons. 

Frasch Process. —Louisiana sulphur possesses a peculiar fascination for the 
technologist, as the difficulties in mining it have been overcome in a masterly 
and ingenious manner by Herman Frasch. 

The de]K)siis in Calcasien Parish, Louisiana, and at Bryan Heights, Bramia Co., Texas, and 
at .some other p'>inls In the gulf-coaslal-])lain are said to be unique geologically. They are- 
extensive domes, and even appear as such upon the surlacc. They seem to have their origin iri 



the deposition from S(>!ution of dcep-i^ealed fluids in chimneys and passages at the intersection Oi? 
fault planes in deep strata: |X).sMl)Iy they are of Sv>lfaluric character. Tlie domes are overIaii> 
by limestone, soft quicksi\nd, and gravel (see Fig. i). 

The sulphur beds have an average thickness of 125 ft., and are covered over with 464 ft. of 
rock an<l soil (376 ft. of clay, gravel, and quicksands, and 88 ft. of limestone an<l soft rock). 
Beneath the sulphur bed is gypsum with occasional layers of sulphur. Over 40,000,000 tons of’ 
sulphur are stated to lie available. 

The principle adopted is to sink a tube well into the deposit, and pump downt 
superheated water under pressure; this melts the sulphur, which is then raised to* 
the surface by means of an air-lift. The sulphur is produced of about 99.9 per 
cent, purity. , 

Fig. 2 sliows a roug]^ diagram of the process, which expl.ains the action of the air-lift. First' 
of all a well (not shown) of 17 in. diameter is sunk for about 50 ft. Insi<]e ibi^ a i3-in. wrought- 
iron pipe (not shown) is sunk for alx}ut 250 ft. Next inside tliis is an 8-in. pipe, sunk right down 
(say 500 ft.) to the l>ottom of the sulphur beds. The pipe is perforated where it enters the .sulphur. 
Superheated water is conveyed by this pipe to the sulphur bed. Inside the 8-in. pipe is a 6-im 
pipe, which is unperforatetf. .Superheated water is also pumped down this pipe. Inside the 
6-in. pipe is a 3-in. pipe (uniwforated), through which the molten sulphur is raised to the surface- 
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Inside the 3-in. pipe is a I -in. pipe (unperforated), through which hot compressed air at 250 lbs. 
to the square inch is forced down to the sulphur bed. The superheated water melts the sulphur 
hS’hich collects in a pool at the bottom of the sulphur hed. The compressed air then forces this 
sulphur in the form of an c.nulsion (<.«., mixed with air) right up to the surface through the inner 
tube as shown. The superheated water in the 6-in. pipe serves to maintain the sulphur in a melted 
condition as it rises to the surface. 

When the well is exhausted the pipes are withdrawn. Sawdust is often intro¬ 
duced with the superheated water once the pool of liquid sulphur has been formed, 
since it prevents, to some extent, the flow of the quicksand water into the pool, with 
resulting lowering of temperature. 

After the exhaustion of the well the sulphur is replaced by sandy earth (sent 
down the pipes) in order to prevent subsidence of the surface. 

The output from one well may amount to 73,000 tons of very pure sulphur 
(99.93-99.98 per cent.). 400-500 tons per 
day can be produced ; the average amount of 
sulphur extracted is now about 250,000 tons 
per year, which requires the enormous sup|)ly 
of 2,500,000,000 galls, of superheated water 
per year. The total boiler capacity is now 
about 25,000 H.l’., steam being run at 100 
Ib.s. Oil fuel (supplied locally) is used to the 
extent of 1,000,000 barrels per year. 

'I'hese boilers supply superheated steam 
to heaters, each 15 ft. high and 3 ft. in dia¬ 
meter. The water, heated to 60“ C., is 
pumped into the heater, and has there its 
temperature raised to lyo'-iSo" C., being 
then forced under ;i jtressure of 140 lbs. 
into the well. Since sulphur melts at 115° 

C, this water is hot enough to melt it. How¬ 
ever, only about J per cent, of the total heat 
is consumed in actually melting the sulphur, 
the rest going to heat the (luicksand water, 
sides of the tubes, etc. 

The liquid sulphur, on reaching the sur¬ 
face, is poured through pipes into large 
wooden bins (constructed of beams), some 
65 ft. high and 250 ft. long and 150 ft. 
broad. 'I’he sulphur is poured into the centre 
of these bins, and caused to spread in layers 
I in. thick. It cools rapidly enough for con¬ 
tinuous working. A series of bins may hold 
as much as 150,000 tons of sulphur. 

ThU process is only applicable to deposits containing 60-70 per cent, of sulphur, and so will 
not do for ibe much poorer Sicilian deposits. 

The Frasch sulphur now dominates the world’s markets, and commercial 
competition by Sicily with Louisiana would, it is stated, be impossible except for 
the alleged fact that the chief sulphur-producing countries have come to an agree¬ 
ment, so that the Louisianian output is restricted, and Sicilian sulphur is able to 
realise a reasonable profit. 

The Japanese deposits are of the normal solfataric type, as also are those of New Zealand, 
and indeed of mc»t other districts, and are mined and quarried in the same way as those of 
Sicily. 

Statistics of Sulphur. —The production of sulphur during recent years is given (p. 204> 
for the three greatest producing countries, together with an estimate of tfe wcrU.’s' total 
output. 


Sulphur 



Sulphur 


Sulphur 


Section through 

Fm. 2.—Section through Frasch's 
Sulphur Pump. 
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Mictkic Tons 



1 Jtaly. 

tl.S.A. 

1012 

,5.57,547 

600,.303 

1911 

414,671 

■ 246.,5tx) 

J 9(0 

430,360 

259,699 

1900 

435,060 

303,000 

I9US 

- ■ 445 , 3*2 

312,700 



52,064 I 

4,5-155 

56,317 : 617,606 
33,41,7 i 62,7,437 

I 


RECOVERED .SULI’HUR 


Largo ,]iiantities of suljihur arc annually recovered from alkali waste liy the 
Chance iiro, ess, and from other sources of suliihuretted hydrogen by means of the 
Claus kiln, wherein partial comhustion of the ICS takes jilaee with the formation 
of sulphur and steam. 

Alkali waste (see this Volume under Leblanc Process) consists of a mixture 
of calcium sulphide, ( aS, and ralcium carbonate, CaCO.. i'his remains behind 
after the extraction ,,f the sodium carbonate from the black ash by lixiviation with 
water. 

'I'o every ton of soda extracted, over i ton of this alkali waste accumulates, 
and the slow oxidisation of the sulphides, with resulting production of suliihuretted 
hydrogen and soluble sulphur compounds, made the presence of this alkali waste an 
intolerable nuisance. 

In the Chance-Claus process the alkali waste, mixed into a thin cream \yith 
water, is placed in high iron cylinders, termed “ earbonatois.” Carbon dioxide, 
(JO.,, evolved from lime kilns, is pumped into the first cylinder of a battery of seven 
i-yliiiders. In cylinder (1) the (JO., neutralises the free lime, and changes the 
insoluble CaS (calcium sulphide) into soluble Ca(.SH)o (calcium hydrosulphide), 
thus;— 

2C.,.S I- CO. -I- Il.p - C.1CO,, 1 Cn(SH)„ 

No H,,S IS evolved at this stage. As the CO. continues to enter, and at last 
is in cxces.s, the following action takes place 

<'.,(SII).^ I Ctg + H.t) - Gil.'O, -i 2ILS. 

The gases escaping from the first cylinder contain about 10 per cent. n.,S by 
volume, together with much CO,,. They are collected in a gas holder, mixed with 
th.e theoretical amount of air, and led into a (Jlaus kiln for combustion (p. 219). This 
consists of a cylindrical furnace filled with layers of iron oxide, placed on gratings 
or beds of broken fire-brick, and the temperature of the whole is maintained at a 
dull red heat. The H.,S under these conditions burns to sul|)hur and water, thus:— 

11 .,S -t O =- .S + ILO. 

Once the action starts the iron oxide is maintained by the heat of combustion 
at a dull red heat. The yield of sulphur may amount to over 90 per cent, of the 
total sulphur contained in the alkali waste. 

According to ihe Census of I'rodiiclion for 1907, from 20,000-30,003 tons were so recovered 
during that >ear in ('.real liritain alon« The ILS can be burned In SO, and made into IbsSO^ 
(see A'lig. ami Min. hum.. Slh Feb. 1913). 

The Thiogen Process. —II has long been thought jiossible lo recover sulphur as such from 
smelter-smoke or other waste sulphur dioxide. During recent years Prof. 8. W. Young, of 
Stanford University College, has conducted a persi.stent research in this direction, and experiments 
have lieen conducted at the Penn Smeltery on a fairly large .stale. The reducing agent is oil-gas ; 
iloubtless natural gas could also be employed. A catalytic mass consisting of a special mixture of 
•calcium sulphite and sulphide is tiseil to increase the velocity of the reaction (sec Young, Ens. and 
Mm. fount.. I5ih Feb. 1913, p. 369). 
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Burkheiser has proposed to practically bum spent oside in the purifier, leaving a residue.o^ 
iron oxide in a sufficiently active state to absorb sulphuretted hydrogen easily. He effects this by 
passing air, diluted, if necessary, with some neutral gas through the spent material. Experiments, 
nave been tried on the large scale, but they do not appear to have been, nor are they likely to 
be, consistently successful. 

Walther reld devised an ingenious method for the recovery of sulphur as such from the 
sulphuretted hydrogen contained in coal-gas. It is based upon the production of sulphur in solution- 
in a suitable oil by the mutual action of sulphuretted hydrogen and sulphur dioxide, tlie sulphur 
being eventually cry.stalliscd out. 

The same inventor profwses to fix ammonia from coal-gas sulphate without the inlervetitiun 
of sulphuric acid, by means of metallic thiosulphates or polvihionates. 

Neither of these {irocesses is at work to any great extent. Uelerence should be made to the 
original communications (/..S'.C*./., 1912, p. 431 ; 1911, p. 13S1; 1910, p. 352). 

A small amount of sulphur Is recovered in the manulaclure ofcollcxlion arlilicial sillvs. 

Properties of Sulphur.— Sulphur in its pure state is only slightly yellow in 
colour under normal conditions; it is capable, however, of assuming a great number 
of “ allotropic ” forms. 

The density of rhombic sulphur is 2.07, of molten sulphur i.8, sp. ht. 0.1712. 
It is very brittle, but cannot be etisily powdered with a pestle and mortar, because it 
becomes electrified by the friction. It is rather soft, being of a hardness erjtial to 2 in 
the mineral scale. It is odourless. The normal varieties are not appreciably soluble 
ill water. It is a poor conductor of heat and electricity, and is therefore frequently 
employed as an insulating material. 

On heating it melts at 111.5“ forming a mobile liquid whii h on further 
heating becomes darker, [lassing through a reddish-brown to almost black, at the 
same time its viscosity increases enormously ; heated beyond some 260° (',. it 
becomes less deep in colour and less viscid. 

Sulphur has an appreciable vapour pressure at ordinary teiiqieralures, and 
consequently will distil with a large proportion of water, but it does not boil until 
444.8' C. is reached. Thermometers and pyrometers are freipiently standardised 
and graduated by a determination of lliis. The ignition point of S in air or 
oxygen is about 257''-2f)i‘' ('. (M'Oae and Wilson, Clicvtiail A'lH's, iuo7) 96, 25). 

Heat of eomhustion to SO, is 71,720 calories for monoclinir, and 71,0,80 for 
rhombic variety. 

Solubility. Insoluble in water, slightly soluble in etlier, alcohol, and ethereal 
oils \ ery soluble in ('S, (40 per cent, in cold at 55' ('., 1 parts of ('S,_, dissolved 
182 of S). Soluble in light petroleum. Tar oil at too" 0 . dis.sohes 50 per cent. S. 
Ben/.ene and toluene dissolve about 26 jier cent. S at too'. Dissolves in benzyl 
chloride (1 per cent, at o", 55.8 per cent, at 134° 


Spiro ilofs Hot porinit of :i iloUiilcd discussion of the v.arimis allotropic forms—at least seven—of 
sulphirr. Rock or roll sulphur is the commercial form whicli lias hcen dcsciitied, the sulphur in 
spent oside is of the same naline. Tlie formei is usually exceedingly puic. The lalter is hereafter 
to tic dcscrdied. Flowers of sulphur are minute crystals formed liy quickly chilling .sulphur 
vapour; it .iluars contains a little snlpliurous and sulphuric acid, even if carefully washed. The 
chief impurities in commerci.al sul|>hur arc ash -usually originally present chiefly as gypsum and 
traces of hituminous matter, moisture, anti acids, whicli are always found in iKith Sicilian and 
Louisiana sulpiiur. Aisenic is found in some lecovered sulphur. 

Uses of Sulphur— 'I'lie chief uses of suli)hur are for gunpowder (now small), 
vulcanising rubber, dusting vines and bops to keep away disease, the preparation 
of carbon bisul[)bide, for making calcium and magnesium bisulpliite used in the 
manufacture of paper from wood pulp (sec Martin's “Industrial Chemistry: 
Organic ’*), and also as a food preservative. • 

It is estimated ihal 180,000 tons of sulphur are annually ronsumed for wood pulp manufacture 
for paper, 2S0 lbs.* of sulphur being used for each ton of wood pulp. 

The heavy cost of carriage makes the production of SOy for bisulphite from iron pyr'tcs unable- 
to compete with its production from sulphur, since lire bisulphite must be produced in very dilute 
solution close to the wood pulp mills ; aiso pyrites SO^ usually contains some sulphuric acid, 
which would injuriously affect the fibre of the wood pulp. Over 100,000 tons of sulphur are used 
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in Europe alone for dusting grapes and hops. I’owdered ground sulphur (not suhlimeted) i.s best, 
since it adheres properly to the vines. “ Bordeaux Mixture ” (applied to plants) consist., essentially 
of sulphur, copper sulphate, anil various porous siibstance.s. 

Smaller quantities are employed in industrial organic chemistry, tanning, and 
medicine. 

(Jonsiderable quantities are still burned for the manufacture of .sulphuric acid. 
'I'his acid is jarticularly free from impurities, such as arsenic, and is known as 
“brimstone-acid,” though some so called “brimstone-acid” i.s not truly made 
from briniitone. 

Sulphur is also u.sed in the bleaching of silk and wool by SOj, in the manufacture 
of ultramarine, vermilion, and other sulphides, in making enamels, and in [making 
metal-glass cements (S -l- Fe -I- N H.,C 1 ). 
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SULPHURIC ACID 
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INTRODUC'IION 

Sulphuric acid is one of the most important of chemicals, being an intermediate 
raw product essential in the manuractiire of explosives, dyes, manures, acids (like 
hydrochloric and nitric), sodium sulphate (used in glass making), aluminium 
sulphate, mineral oils, etc. 

In fact, in almost every industry some sulplmric acid is used, and it has been 
asserted tliai the (.rmsumption of sulphuric acid by any nation is a measure of thfe 
degree of the civilisation of that country, 'rhis is certainly not strictly correct, 
but sulphiirii’ acid forms the'starting-point of, and is used in, so many different 
industries that there is a considerable element of truth in this statement. 

Statistics, -'riie ex.u-t amouiU of sul|)huiii :u id iiuide is veiy dittioiill lo estimate .tcruratelv, 
one leason licing lluU miudi (if llu- siilpluiiii .u-id made iiovor Cdme-. nn ihc m.uktS at all, but is 
prodiK'ed in the 11 diiUiv' iKell fu iK outj inc .uid i' iinnu’di.ik-lx uiili'cd. 

It is s,Ui.-, b‘i\\L*\ . l'> estim.ilc the aid's, .mimal prodiu timi (•{ sulpliuiK .ind, cdculalcd ou the 

basis (>1 11)0 per cent. l[..S()j, as 7-8 million toiw. 

Arcoidmg to tlx- First (Vnsus of I’roduction. i()(>7, p. 54<>, llic lotal output in GkmI Biit.iiii 
of sulpluinc acid of 140'" Tw. is put .it 1,459.000 ions (-1,123,2^0 ton^ol 100 pet coil. IL.S(L); 
of tins Lunge, m 1905, cstim.itcd ih.il (nan laniu i))nlcs i.()44,ojo ton., of 100 p,‘i (enl. II^SO, 
were made, .ind 80,000 Uais fnan othei m\\ m.rtcri.ds such ,\s laimsi.me. eh . 

The tot.il .aniouni put (ai the uiaikel in fireal Britain in 1907 ioi sale w.i' 548,000 Ions. 

3,750,000 tolls of sulplninc acid of 50 BA uere pioduced In the L’nUed Suilcs m 1913, this 
being e\clusi\e of biinislcaK' acid. 

(icnnani jaodiices about the same amount of sulpliiuicaud as KngUnd, vi/.., over 1.000,000 tons. 
France pioducos about 600,000 tiais. .\usui.t-! lungari, llal\, Belgium, cacti .ibcaii 200,000 tons ; 
Russia, alxjut 180,000 tons; Japan, 5o,ooo-f>o,000 tons. 

Germanv in 1904 made 780,000 tons (loo per cent. ILSO,) fumi iron pyiitcs, and 150,000 tons 
out of zinc blende, about 20 per cent, being made according to ilic contact process. 

In 1878 the ubolc production of F.uropt baicly aimainted to 1,000,000 tons. At tlic present 
time it may amount to 4,000,000 tons. 

This enoimous increase in the lau tlirec decades is dui to the greal development of chemical 
indu.strv, and no doubt Mas orc.isioned by legiskuimi whicli lorced on nianulaclurers the cimdcnsution 
of the SO.j evolved m orc-roastmg operation';. 

The development of the sujieiphosphate industry -caused by the growing demand for fertilisers 
throughout llie woild—has also i»een largely instrumental in causing the development of the 
sulphuric acid inrlustry. In 1913 sulphutic acid sold at about 25s.-35>. pei ton of Oo'-Od" BA 
(I4o'’-i62'^ Tw.). 


General Methods of Production 

Sulphuric acid is usually iTjanufactured by the oxidation of sulphur dioxide 
and absorption of the resulting SO3 in water, or by methods which amount to that 
in the end. 

so. s O ^ lip - Il..S(),. 

The oxidation of .sulphur dioxide, or of its solution in water, is very slow under 
normal conditions, and’various means have been used to increase the velocity of 
reaction. 
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Two main methods are used of increasing the velocity of reaction ;— 

(1) By Employing Oxides of Nitrogen. This is the oldest and 

best known process, being usually termed the “ Chamber Process.’’ 

(2) By Employing Solid Catalysts such as Platinum, Iron 

Oxide, etc.; this is the so-called “ Contact Process.” 

The old ** Chamber Process ” yields direcily a dilute ‘‘chamber acid” of 50"-$$'' (=62-70 
per cent. H0SO4), a “Glover acid” of 60” Be. ( = 75-82 per cent. 1I.^S04), and, by methods of con¬ 
centration, an acid of 66“ Be. ( = 93-97 per cent. 1155^^04). 

The Contact Process, on the other hand, produces more concentrated sulphuric acid than this, 
the main product being fuming sulphuric acid, wliich is often diluted down to form suljihtiric acid 
of 100 per cent. ILSOj. 

Although the amount of sulphuiic acid produced by the C’onlacl 1 ‘iocess is increasing, neverlhe* 
less hy far tlie greater part of llie acid made to-day is produced by the Chamber Tn'cess. In fact, 
the Contact Vrocess has served to stimulate the (-hamber Process, and sucli great improvements in 
working details in the latter have been made in llic last few year.s, that it seems unlikely that 
it will be superseded by the Contact I‘rocess, so far as* the making of dilute sulphuric acid is 
concerned. 

The lead chambers employefl in the old ('hamber Process are now being replaced by methods 
of intensive working in towers (Opl and (iriesheim). 

Raw Materials used for Sulphuric Acid Manufacture.- At one time 
sulphur (see Section XVI 11 .) was the raw material most used for burning to sulphur 
dioxide. At the present time, however, the sulphur dioxide is mostly produced 
by roasting iron pyrites, and to a less extent from the melting of zinc, lead, and 
copper ores. 'J'hc following aie the principal raw produt'ts used in the manufacture 
of sulphuric acid :— 

1. Sulphur (see Section XVIII.). 

2. Iron Pyrites.— Iron pyrites (FeS^), containing 53 per cent. S in a pure 
condition, has, of all heavy metal sulphides, the highest sul[)hur content. 'I’hat 
usually calcined contains .13-48 per cent. S. In order to burn satis'nctorily for 
sulphuric acid manufacture it should contain rot less tl'.an 35 per cent. 8. 

The piimip.-il counln pr*)<lucing]nntcs is Spain, mo's! of ihc ore coming from the HueKn district. 
It i'- ruprilerous (2-4 per cent. C'u), and llie copper is usuallv extracled l>y the wet pJo«*<‘ss. The 
Tliaisis mine is apfiroaching exh.vustion, but vast (juantities .an* still known to exist at llie Rio 
Tint'j mine (or qiuun, as it real!) is n<iW'), though the copper values diminish as the <lepth 
jj^vreases. Next in onlei 'if produclion aie Noiwav and the I'niled Slates of America. Valuable 
deposits cccm m Kussi.i and Canada. 

The st.atistics for tlie woild's production ol ]nriU-s aie most misleading, as most of ibal from 
llic Hueha district is relumed as ctippei otc. They aie as follows : — 



Spain. 

Portugal. 

Noiwav. 

U.S.A. 

Total. 

1912 

500,000 

f)Oi. 443 ‘ 

430,000 

• 

342.655 


1911 

344,879 

282,773 

350,000 

299,904 


1910 

294,184 

312,906“ 

322,000 

227,280 

1.826,854 

1909 

236,00.^ 

284,735 

282,606 

213-371 

1,730,000 

1908 

2 h 3.457 

81,417 

269,129 

209,774 

1.854,849 


Enormous quantities of pyrites are annually imported into the United States of America, the 
figure amounting to al>out 750,000 tons, in order to provide aci<l for the extensive fertiliser and 
other industries. 

Pyrrhotite contains a smaller proportion of sulphur limn pviiles, but more than copper 
pyrites (CuFeS^), and is iherefoie suitable for use foi the production of SCU. Considerable deposits 
occur in Virginia. 

MarcftSlte has the same chemical ctnnposilion as pyrite.s? l»ut has been formed in a different 
way and is of different ciy.slalline form and projierties; there are no massive and considerable 
deposits known of this mineral. 

3. Zinc Blende. —Max. Hasenclever pointed out that it by no n^eans follows 

’ Includes 120,148 cupri.'OU'. o:e. * 

* Total shipments of pyrites from I'ort of Huelva during 1910 = 24 million tons. 
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that it is cheapor to manufacture suli)huric acid from blende than from pyrites, 
even f^ranting that the sul[)hur has not to be actually paid for. However, in 
(Jerrnany legislation has been recently introduced restricting the amount of acid 
which may be (list liarged into the air, and conse(|uenlly a large amount of sulphur 
formerly \vast(-(l is being turned into sulphuric acid with profit. In the United 
^^tates of America the Ilegeler mechanical luniace has been employed for many years, 
and the amount of sulphuric acid produced in that country from zinc blende was 
over 250,000 t(jns during 1911. 

bx far the grt'.iicr propmUon of ilic zinc which is prodiicid is <l» ti\c»l from zinc blende, which 
Conl.uns alioiii oiu third of its wc'igtii of snlplnir. It is^ ihiixlorc, of some interest In include tlic 
stfilisiies f..i tin- World’s pimliKtion of tins meud, tins hi inn a most valu.'il>le "uide to llie amount 
of sulphuric .K.id tlei tvahle from itiis souixe. 



U.,s.,\. 

(iiTiiiaiu. 

Ki'lgium. 

'1 iitai. 



'toils. 

'Ions 

Tons 

1012 

31(1.308 

205,940 

271,064 

•) 7 h,S 72 

mil 

20 S,J 7 ,S 

I() 5 .I 02 

235 . 77 '> 

S.Xi.SSO 

loio 


172,57s 


S^ 4 .‘> 7 ,i 

!<)' <1 1 


Kt;, ino 

210.7o() 

784.11111 

HidvS 


161,(J40 

21l),.|0o 

71S, ibo 


4. 'J'he most imporinnt other metallic sulphide, regarded as a source of sulphur, 
i.s galena, lead sulphide (bbS). 

During icccnl years the Dwigln-l.hnd Imn.u-c foi lo.isiiDg g.di n.i b.is been installed in the .States 
an<l in (ieim.inv, where even “rontnd'' add is mad<- from the smeller smol e -after due 
puiifuMlJon. 1 lie Huntington IJebeilcin pot fuin.m- has also permitted ilie useliil turning to 
account of .some of the siil[)}mr in galena. l\egar<led ,is a soiirc'e ol sulpliunc aciil, it is interesting 
to note thill o\(r .MjU.ii(«T of a million tons of sulpliiiiic .lod should In- piodiicil>lc fiom this ore 
in tile five principal prodiidng countries. 

5. 1 he Spent Oxide ol gas works consists mainly of a mixture of sulphur, 
liyclratc'd o\i(lt s of iron, some imdecomposed siilplndus, s.uvdiist, mid some organic 
impurities. 'I'lie sul])hur ronlcnt may vary lietween wide limits (25-80 per cent.). 
It can be readily burned to SOj, or llie sulphur can lie distilled or eUrarled. 

Ill l.iijtc citify, Midi as T,oniliin, M.indicsttr, etc., runsider.ihlc qiianlilus of sulpliunc acid 
(si'll 1C 30,000 Inns 11 .s,! in 1 .nnilnll alnnc) arc pinillli'cil frnlll I his iiialcriill. 

Sulphuretted Hydrogen is luudiirccl niaiuli in the Oiaiice pmecss ol workinp up alkali waste 
ami in llic snlph.Uc of .imnionia saluiators, wl'icic it 0"iiits iroin jjas liquor, (i.is cnnlaiiiing as 
low as 15 )>ci rent, of 11 .,S and over 75 |icr ccni. of CO. can he s.uisi.icloiily iiurncd to .SO., in 
propcilv designed fiiinarcs. '1 lie {jas m.iy, as an alternative, he p.mi.ilK hiiincd in a specially 
destined fiinucc- the Ciaiis kiln and the sulphur icrovcrcd as siirh : n' is, however, of rather 
potir ijtiality, and r.annot tistially conipcic w lh rclincd .Sicih.in or boinsiana sulphur. 

6 . Nitrates.— Until rei cntly the only source of oxides of nitropen for the 
production of lUSO, was the well-known Chile saltpetre of commerce. 

Al the present time there aic three other sources of nitrates which we have to consiilei : they 
are those |iroilured hy llic oMdalinii of almosplicnc nitingcn in cletiric fuinares of the Biikelaiid- 
Ivyde, .Srhonherr, or Pauling tvjie, the fixation ol tiiirogen hi niians of metallic caihitles, and by 
the l■.^lah•li^ synthesis of .iiimHinia, with the piodticUun of nitric at id from the two latter hy the 
Dstwald process. Tlic forms of niiralc wliich an .tiailahle to the siilplittiic acid manufacturer 
are, thereforo, (l) nitre, the refined t|iialil> is usually cniplojed ; (2) calcium tiilrale. tir an impure 
.oilium niiiale; (3) nitric acid, the last-named heing available only il the f.ntorv he situated in 
mmediale proximity to an Osiwald |ilaiu m niiiic at id woiks. 


Analysis of Raw Materials 

Tile examination and analysis of the raw materials is best conihicletl as follow.s, ihoifh 
here are. of toitrse, many nuHltlicatitins and otlier inethoils:— ** 

Pyrites and similar metallic sulphides are best .itialyscd by tielcritiining the nioistnrc in the 
'idiiiary way, tiiid ealciniiig the weiglied i|uantity in a porrelain or silica boat in tt gla/.ed porcelain, 
ihea, or gl.tss tube, air licing th.iwn ovt r the materittl and through hroinine water. Tlie resulting 
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sulphuric ncid is cslimatcd graviinclrically. K<jr siilpimr, spent oxide, and «»lher vmrees of sulphur 
in which the sulplmr is not tomhined, the above methcKl may be eniployeil, or-a siiilahlc soK-ent, 
sii»has carbon luMilpbide or Ix-nzol, uu\ lie used t«i separate the sulphur, A most accurale and 
rapid melhoil iiiUodueed b\ J. 1 oucai consists in tlie dij^estion of llie sample willi alcoholic sodium 
ejanide, and lilralion of an alujuoi porin.n of the lesultini; sulphocyanide. 'Hie results arc 
usti.illv reitinicd in pcrceniai^cs. More ilian 1 [n-r cent. o( oiiranic matter soluble in CS„ in spent 
oxhIc is obnoxious and can be a\<iideii. 

Kveii at ilu; ])reseni ila\ a ihoM unseientific nieibod ol aiialxsis is still to a great exleiU employed 
for the aii.ihsis of niire. Auoiding to tins niellnxl liie sum ol the sodium cliloride (estimable by 
titration witli standard siKei nitiatc) and soilniin sulphate (esliinable gravinielricallv with barium 
cliloride) is e.dterl ihe lehaelion. Tt is assumed that the lest is sodiiini niliate, wliieli, as a matter 
ot fad, IS iiiMCthally nevi i the case. What the user generally wishes to know is the actual anmunt 
oflnirate present. 'J'iie idonI rajud melboil of estimation is b\ meiiisof l.iinge'snitrometer, in which 
a strong sohiiion is made in w.iu-i, inn througli a sK.p-eock inl't a graduated liuielle ovei mercury, 
sit mg sulpiuuic atnl added and tin \t)luim- of NO e\ol\ed determined. TIutc are, of course, a 
mnuber ot other inetliods. of wliicli one at le.isl is eoinenient and rapid ; it consists in ilie oxidation 
ol an exi-ess (jf feirous salt and till alum of the lesidual f'crious sail, b'oi some pui}>oses ii is iieci ssary 
to know theanioiinl o( pi'rcblorate piesfiil. 


Roasting Processes for Producing Sulphur Dioxide for the 
Manufacture of Sulphuric Acid 


T'c sul|iliiir (lioxidc (SO,) pruduoi-d U>r oxidising into sulphuric acid may bu 
obtaiiird by burning iron p\ rile--, or Ijy roasting /.inc blende, galena, and eopj)cr ores. 



For making very pure arsenic free sulphuric acid sometimes sulphur brimstone 
is Ijuint. bon iiyrites, /inc blende, etc., nearly always contain arsenic, which can 
easily I'md its way into the acid produced tliercfroin. 

'I'bc Usual process is to roast the iron pyrites in a stream of air, when the 

stilpluir burns to SO„ (also some .SO., is produced), and a residtie of iron oxide 

(Fe., 0 ,) remains behind. Some ferric sulphate is usually produced, which, at 
boo " C., completely decomposes to I'e.jOj and .S 0 .„ or SO.j and 0 . 

I’yrites rieh in sulphur will, when once inflamed, continue to burn without need 
of an external supply of beat, until almost all the sulphur has burnt out. 

Pyrites Kilns.-' - I’he pyrites i.s crushed, sieved, and the pieces, usually the 
si/e of walnuts, arc burnt in “ lump pyrites kilns,” while the fine dust is burnt inr 
mechanical fumes of another construction, described below. 

I'ig. I xhow’s; an ordinary hand fired lump pyrites kiln, which is now practically obsolete. 

They arc united in batteries of ten or more. A ilcep bed of pyrites rests on a rectangular or 

polygonal set of liars, and is burnt by air streaming up between the bars from bek)w. The ash 
i;an be removed from time to time liy shaking or rotating the b%rs (cither by hand or mechanically) 
through 45' (whereby the space l)et\veen them is increased), when the ash falls through the bars 
into the ash compartments (a). 

As the pyrites biirns away, fresh lump pyrites is thrown into the kiln through fi. The gases, 
rich in .SOo, stream away into the flue dust canal (/) to the Glover towxr. 

It is very important that only the right amount of air is allowed to enter. The air suppiy is 
regulated by means of a sliding door ^ and are closed by air-light sliding doors. 

The burners require some skill in handling, as with imperfect or irregular 
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admission of air sintering may take place, and the sulphur content in the ash may 
also increase to a high figure. 

The furnaces for treating the crushed Of powdered pyrites usually consist 
of a series of superincumbent shelves, from which the ore is worked down in 
succession either l)y hand or mechanically (Maletra type of furnace). 


These are 
rakes or arms r 


- mclKs Well, Imill of refractory l.riawork, enclosed in a strong sled casing Inside a 
usu.allv fire) of circular shelves rf, whkh are gently inclined as indicated in the figure, 
ilso made of refiaclorv inalctial. A vcitical air-cnolcd shaft ti, with cast-iron rake 
attached and driven liv a cog-wheel f, |ilaced liclow, cause.s the ore to trarerse the sIkKcs. 

The rS attd.e.1 ^ enteiit.g through the liopi-er ,, i- l-oured ,n a regular stream hy 

me iincij criinic i I sheUes, thence it nunc^ downnards as indicated hy 
tnean-s of a ivoiin on to t j i - suhjcctal to the action of an uprising stream of 

X rZ'fnr ^ "-..t -d dlihargd as ash a. /; nhile the SO. rich gases 


base (shown 


atr, so lhai in it-' passage < 

^*^InVrfiertu oiol Ihc .shaft (which olherwisc undersocb rupiil corrosion) holes arc-made at ihe 
wn at /' and /), and a current of cold air streams up through it. The rakts r are made 

easily dtiac’hahlc so as to be renewable when 
worn out (see also Figs. 3 anti 4 for nuKlern 
Ivpes of aii-cooleil shafts and raking arms). 

'I’hc operation is .starleti by heat¬ 
ing the funuce with c<ike or coal, but 
later the burning of the sulphur in 
the pyrites supplies suflirient heat to 
maintain the combustion. The shelves 
are [irovided with a series of ports (for 
air admission) and doors (for repairs). 

One disadvantage of this furnace 
is the fact that the burnei gases bear 
with them mueh dust, which must be 
held bat'k by means of large dust 
chambers and special “gas filters” 
made of coke. 

ImpioNcnicnts introducctl Iiy ihc J. L* 
I'oucar consist in the provision of a duat 
ch.unliei iner the lop of the lop working 
l»ed and a telescopic du'.t - .scaled burner 

pip(‘. 

The former Cdinjilelesithe romlm.slion and 
])re\cnts .sublimation —a difticult thing to 
avoid when using Ivigh per cent. S|x;nl o.^ide- 
—and uuises die tleposition of a certain 
amount of dust, 'rhe latter prevents frac¬ 
ture of the cast-iron pipes and connections 



Fic. 2. 


-llerreslwift Mechanical I'urnace 
for Pyrites. 


or distortion or worse of the brick work on account of exiransion and cuiilraclum by heat. 


The Wedge Mechanical Roasting Furnace (I'ig. 5) of 'he same 
type, and is probably the best for large works, individual burners being now con¬ 
structed to calcine up to 40 tons of pyrites per twenty-four hours. 

In this liurncr die central column and rotating arms are water-cooled by means of |jipes of 
ample sue jiassing down the large hollow shaft from a circular water tank fixed on the top of the 
central shaft. This central shaft is wide enough and at a low enough lemperaturc to enable a man 
to get inside and fix on a new arm (when necessary), without stopping die furnace for more than a 
few minutes. Tlie fastenings and water connections are all inside die shaft, and the temperature 
of the water in the arms may be regulated in accordance with the temperature of the particular 
hearth in which the arms are working, the arms being ijuitc independent of each other. Only the 
water pijics of the arm which has to tic exchanged have to be disconnected. Tliese water-cooled 
arms last very well and the cooling is very effective. 

Tlie hearths, which vary in numlier from five to seven, arc horizontal og their upper surface. 
The ore drops through the same port from shelf to shelf that the gas comes uji through. The 
charging arrangements arc very simple. 

The Harris Flfrnace (Hgs. 6, 7, if) consists of two .series of adjacent circular 
superimposed hearths, so arranged that the ore from one hearth becomes swept 
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into the one adjacent to the hearth beneath, then back. It is specially designed 
to.diminish the amount of dust usually carried forward by mechanical burners, and 
is said to effect this in a very satisfactory manner. 

The course of ihc gases is a link difficult to follow without a complete series of drawings. The 
flues are so arranged that all the gas may he IikI through the dust chamber, or one or more scclions 
may be by-p.med for repairs. 

The rakc-s are slijyped on water- 
cooled projections of the water- 
cooled shaft, llie design of which is 
distinctly simple and ingenious. 

It is particularly claimed for tliis 
furnace that the dust is a minimum 
and that the costs of repairs arc low, 
such few reixiirs as may be necessary 
being made without slopping the 
furnace. 

T'hc number of mechani¬ 
cal calciners is now literally 
It'gion: amongst others may be 
mentioned the O’Brien, the 
Moritz, the Lurgi, the 
Scherfenberg, the Frasch, 
the Thorna, the Ducco (an 
inclined tube), and the Wyld. 

’I'he authors do nitt consiiler that 
mechanical furnaces liavc nc.trly 
appK'achcd finality in their design, 
much room for imjirovcmcnl remain¬ 
ing, parliculatly m the directions of 
the reduclkii of dust, the simplifi¬ 
cation of the (uoling arrangements, 
oj liy tlie pro\ision of central column 
ami arms coiiled with or formed «if 
Some material upon which sulj^hur 
no appu'ciable .ntion, the 
jirelieating of iiic* air am! its admis 
sii'n througli the teeth of the rahhlcs, 

Mic improvement of mechanical 
means of handling holh law and 
calcined material, the arrest and 
icmoval of siK'h dust as cannot be 
j'revcnted. 

lh)we\er, in .any new installa¬ 
tion It almo.-,l invariably will Ijc 
found bctie. to crush the j)re, if re- 
ceivc<l in tumps, and inslal mechani¬ 
cal burnei than to employ the old- 
fashioncil lump burners. 

The chief advantages of 
mechanical Imriiers are simplicity 
—requiring no appreciable skill in 
handling — cheapness in working, 
regularity. Their disadvantages aie 
thehiKiiinitiiilcostandthoiicassiij- 3 -- Tlw “Harris.'' Patent Wiiler-coolcil Flanged 

of installing some kind of jiowi-r. ' Arm and .Shaft for the Wedge Fumare. (See p. 212.) 

It IS imptrrtant to note that spent 

oxide from gas works containing from 80 per cent, of S, down to as low as 0.25 )>er cent. S, can be 
burnt in three shelf burners of this type. • 

The residue from burnt pyrites, also from burnt “ spent oxide,” still contains 
0.25 to 3 per cent. S. If the ore contained lead or zinc, the percentage of sulphur 
may be much higher than this. Also arsenic is usually present. These impurities 
made the “ burnt ” iron oxide very unsuitable for iron smelting and it was usually 
“ dumped.” 
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Now il is bcinji user! in inirt for tlu' nianufacunc of copperas or ferric sulphate for sewage 
treatment, or llic residue from the burnt “spent oxide'’ is neutralised with lime or ammonia 
and used again in the gas work's puiifiers. The action t)f the latter is slow, but in time it seems 
to recover. 

The burnt pyrites ran now be pul into a form in wbich il can be Used in the blast furn.ire. 
Foi this purpose it is Healed in a nodulising kiln and (be siilpbur is icduced to u trace. This 
is eft'ecled eilhei by the Usi. of a binder or liu\ or witlioui. The kilns are bmg inclined tubes 

with rcfr.ictoiy linings not unlike 



cement kilns; they arc bred with 
waste gas, wlierc llial happens to be 
available. In view of the world’s un- 
tloubled shortage of iron or<‘, of the 
enormous {juanliiies ol pyiites cindeis 
which are oi)lainublc, and t)f iheir being 
U'uallj low in )'hc)sphouis, tin se noilul- 
ising plot esses aic of gie.it im|>oit' 
am e. 

Wiien the burnt pyrites contains 
coppei it is usually woiked foi this, tbe 
sulpimr iteing wilhdi.iwn from the oie 
along with tbe coppei in the form of 
copj)er siilph.iie. In lids case (he lesi- 
dual non oside is puic enough to be 
snuliei! b.j non in ilie lilasl fiinuue. 

T!»e /MU-rii b (lertn.in p\ iiles, alier 
Imrmiig. h'.oe' a resuliit fioni which 
yim sul)>iiak is e\ti.icttd l>y li\i\ialion 
(()keJ^ wlurii i'. Usi-'i I itliei for ihe 
m.iimlai.lure of elm liol\lie /mcflhim- 
ner-Mond piocess) oi fci lathopoiie 
manukutmi (see Martin's “ lndusiii.il 
t'iumisiii : < )ie,.inumuk-i Colouis). 

riu omp)o)mLiil of emiched aii, 
/<•., an coulaining niou th.in 2i pt’i 
lent of n,, may be tound (o hf jiiolil- 
able, p.irticukirlv in llu- r.dein.iUon of 
soim ures t»( low sulpliu! eoiiient The 
co>i n<t\\, b\ fi.ielion.il distill.ition of 
iKjiiid.ui, is eompar.ilivcl) sin.ill. 

lion pyrites forms the main 
r.iw iiialeiial for tin.- production 
of siilpiiuric and. Howcvi'r, 
owing to ibe rise in ])rice of 
]>yriti's, sulpliutic acid manufac 
Hirers have turned their attention 
to otlier minetal raw inattTials, 
amongst whicli zinc blende, 
copper ores, and lead sul¬ 
phide (galena) may be men¬ 
tioned. 'Yht: SO, rich gases 
evolved from furnaces working 
these ores for the metals are now' 
no longer allowed to escape into 


Fii:. 4.- The “Ilarii-." Patent Air and W'airr 
Cooled Stirring Arm and Sh.aft foi the Wedge 
I-urnace. (Seep. 212.) 


the air and damage the surround¬ 
ing vegetation, but are to an in¬ 
creasing extent used for the 


manufai'tuie of sulphuric acid. 


In this case, however. It must h*.: remembered that the main objcit of liic operations is die 
production of the metals, zinc, lead, and copper, the utilisation of the gases evolved for sulphuric 
acid manufacture l>eing of secondary importance. 


Zinc blende (ZnS) is largely worked in (Germany at Stolberg and Lipine. 
The ore is roasted at a temperature of 900'’-!,000^ C, when the following 
change takes place * 

2/.nS -1 3O., “ 2/'n() -I 2SCh. 
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At temperaturcH lower than 900° we get ZiiSO^ formed, whereas at temperatures 
over 900° this decomposes, thus:— 

ZnHO, = ZnO 1 SO.. + O. 

Owing to tlie small sulphur content of these zincJores (33 per cent. S when pure. 



Fu;. 5.—Wedge Mech.inical Roasting Furnace. (.See p. 212.) 

under 20 per rent. S in actual practice), it is necessary to supply esternal heat in 
calcining zinc blende, so that here pyrites roasting furiiitces are inapplicable. 

In Oermany a hand raked muffle shelf furnace—the Rhenania— is largely 
used, in which the zinc blende gases are separately led off without mixing with the 
gases from tfie fire supplying external heat to the furnace. 'I'hese zinc blende 
furnace gases, containing 5-7I per cent. vol. SO.,, are sometimes led into the 
leaden chambers, but it is better to pass them into_a contact apparatus, for 
conversion into sulphuric acid. 
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Figs, 9 and lO show the zinc blende roasting furnace Rhewnia. The furnaces are long 
muffles, built together in ptiirs, and separatetl by a dividing wall (Fig. 12). Each furnace contains 
three muffles, A, ii, c, lying one over the other, in which the zinc blende (introduced by the funnel 
T is gradually worked down from muffle to muffle by raking through the doors a, a, a. The fire 
cases for heating and muffles stream above, below, and between the muffles by means of the canals 
ug.h. R is tlie fireplace, the hot gases from which, after efferling their purpose of heating the 
muffles to 900"-I,ooo'' C., stream away through J to the chimney, without mingling with the SO^; 
rich gases come from the muffle. c -v 

The ait is allowed to enter the lowest muffle i' at one end, .and the burner gases Irom the 
muffles pass into the dust rhamher K and then pass to the (Hover lower (or contact apparatus) fur 
conversion into chamher sulphuric ucid. 

The Iniriit zinc blende, consi.sling of zinc oxide (which must be burnt free from 
sulphur), is raked out from time to time and smelted for zinc. 

In the United States the Hegeler mechanical furnaces, which are also recl.ingular shclf-hurncrs, 
have been used fir some yeais. In Cermany the Lurgi mechanical fuiiiace for zinc blende is in nse. 



Fill. (). -1 hirris Mechanical Roasting Fuinace (S Shahs, 4 Hearths (4 Sections)). Front 
\'icw showing Mechanical Fci d Tallies anil Hoppers, Elevators, etc. Roasting 
('apiicity, 2S tons ISiites Fines per twciity-f.ur hours, (.Sec p. 212.) 

The trciilment of lead ores (usually galena, I‘bS) is somewhat different, only 
part of the sul|)hur being recoverable as SOo. 

Until recently the lead ores were first partially roasted and subsequently melted, 
and a blast of air blown through a layer of .about i metre thick, such jirocesses 
being the Huntington-Heberlein and Savelsberg. 

During the last few years Messrs Dwight and Lloyd have introduced a method whereby a 
thin uniform layer of the materials to be sintered is fed on to the perforated bottom of a conveyor, 
the charge is automatically ignited on the underside, and the .sintering proceeds right through the 
layer, the necessary heat'being supplied by the sulpliur in the ore or by added carlxin. This 
process is applicable not only to lead oles hut also to copper and iron sulphide ores and flue dust. 
The type which i.s now most popular is the “ straight line.” The gas from this sintering .roa.ster 
contains per cent. SO„ and is lieing used tor the production of sulphuric .acid in (iermany. 
This furnace has been further improved by von Shippenbach. The chici dilTcrcnces lielwecn 
it and the Dwight-Lloyd are: (i) The roaster-gas is so rcgul.aied that 4-5 per cent. SOais con¬ 
tinually .scjKtrated from that containing only 0.2 per cent. ; (2) the thickness of the lied is only 4 in. 
instc.ad of 10 11 : (3) the grasc has .1 different construction ; (4) the ore is first rough-roasted, as in 
the Huntlngton-Hehcrlein process. 
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In the Dwight-Lioyd process the })artially roasted material is finally reduced in a blast furnace, 
the rases from which can l>e, and in many rases are, employed for the produclitm of sulphuric acid. 

Hasenclerer estimates that 90 per cent, of the sulphur contained in galena should f>e recoverable 
by this pmress. 

The gases contain, of course, some 5 or 6 per cent. <if ('(\and a large volume of dust, which 
' has to be removed. 

It has iK'cn estimsted that if all the lead '>res smelie<l in (Jermany \\crc to be treated in this 
way, they would yield about 40,000 tons of 
sulplturir acid of 60'’ lb annually. In England 
the production would fjnly be aiwul 6,cxx) 

Ions; in Belgium, lS,ooo ; in France, 12,000; 
in Spain, 75,000; and in the United Stales of 
America, from 100,000 to 200,aX). 

In the case of copper pyrites 
-(f'uFeS._,) only part of the sulphur can 
be ^covered as SO, for sulphuric acid 
manufacture. 

'The furnaces cmi)loyed for smelt¬ 
ing copper, and from wltich the gases 
iirc utilised for the manufacture of 
sulphurii' acid, are principally of the 
water-jacketed blast furnace type, e\- 
■cept, of course, where the copper 
content is low. Some sulphuric acid 
is also now recovered from the fur¬ 
naces, reducing the “ matlei.” 

In tho bl.ist furn.icc it is imporliinl that the 
RincUer shoiiM 1 m“ oI large si/c, othervMso (he 
hcv.t losses are rcI;Ui\cl\ so great llial it is not 
possible to reach a sufiioicnily high icm)»era- 
tuic to ihoumghly mdl the nuatler. One of 
the mam advant.igc.s of the bl.ist furnace is 
that till' beat of combustion til the mineral 
is usefully employed, and much fuel is saved. 

The chief disa<lvanlagc is ilial th(‘ jircK-ess 
^r*can only be uselullx enijihned whcie the iire 
is in lumps,. However, tlic Dwight-Lloyd 
straight line sintering roaster has successfully 
solvctl tin* jitohiein of the treatment of tires 
in the blast furnace. 

Ac'-ording to [iresent jiiaciice a small 
amount of coke is still emploied in the 
smeller, whicli consists of a water-jacketed 
sihca-linecl duft, to which hot-air twyersare 
fitted. The furnace is fed with a mixture of 
the ore, silica, and coke. The iion and 
sulphur are burned, the former f«)rming a 
fusible slag with the silica, and the hitler is 
removed as gaseous SO.,; ilic copjier is re¬ 
covered as a molten ‘•matter” c<»nsisling 
mainly of copper and .sulphur, and contain¬ 
ing up to 50 per cent. Cii. The best known 
of these blast furnaces i.s ilie Mathewson. 

The gases contain a large (|uantiiy of dust, 
and usually .some projiorlion of arsenic ; they 
contain at the works of tlie Duektown and 
Tennessee Copper and Sulphur Co. fX'r 
cent. COo and 3J per cent. SO2. At these 
nvorks over 160 tons of acid per day are rectnered in lliis w;fy by the smelting of cojiper pyrites. 
It i.s, of course, usual to work a number of furnaces togtthcr, otherwise wide variations in the 
•composition and Icnycrature of the gases are inevitable. 

Sulphur-Burners.— Quite another type of furnaces are those in which sulphur 
is burned for producing sulphur dioxide, either for the manufacture of .special “arsenic- 
free ” sulphuric acid, or for the manufacture of sulphurous acidand sulphites (p. 253), 
for bleaclung, disinfecting, and the manufacture of wood pulp for paper. 
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There are two general types of furna(X‘ in which sulphur is burned ; of these one 
intentionally volatilises the sulphur and ensures complete combustion of the gas, 
the other burns some of tbe sulphur, atid condenses that portion which is volatilised 
but not burned. Of these there are again sub-types. 

Of Ihclirsl type llic most noteworthy is the Tomblee and Paull. It consists of a iiorinintal, 
cylindrical, lined iion sliell X ft. Ioiir and 3 ft. in diameter, with conical ends, uiaLmg one revolu- 



lion m tu ' niimiti*'.. At cno iT\‘i i-s .t liojipei .md uotm-fecd uilh shdiiiif i].ini[M’t->. sU ihcotliora 
uTtati^ i.ir c.isl-Ht'ii l»ti\ o! ;7 ent* ft. c.ipacil), pi.ivided uilh slidiii” d impel :uul \ciiical upf.ike, 
whii’li leads tn a hi k k (IunI ealelier. 'I'lie su1]>1hii i> led in liiiuji's v\ Inti) na It ju>l hefoie drt»pping 
iultj the hin'\ III liic hmnei, aiiil a ei»m]tU*le lujiiid coaliiiy w formed 'lO the insuie of the shell as it 



1 ‘ it.. 12. C'laus 1 'urnacc foi Burning Sulphurelled 
Ihduigen. 

revolves. The Combustion box and \crlical uptake coii'plete the eondnislion. The furnace, box^ 
and uptake are all lined with refractory material. Using cent. latuisiana sulphui, it is only 

ncce.ssiiry to clean out the dross whieh collccLs once m two months. The appliance will burr» 
6,000 lbs. of S per da\. 

Hand-fed burners ol the first type arc now completely obsolete, and will not Ik* descrilied ; .some 
of them employ secondary air to ensure the complete combustion i>f the sulpliur. 'I'lie writer has 
found this very satisfactory if such air be preheated. 

Of the second t\pe of furnace may Ire mentioned the Sachsenber§ burner (Kig. 2). U is par¬ 
ticularly suitable for the production of SOo in small quantities, and which is required to be as free as 
possible from SO;,, as is required for bleaching, in the manufacture of glue, m the refining of sugar, etc. 
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In starting up sulpliui is placed in and ignite<l by inserting a red-hot iron l»ar through the hole 
in the IkkIv (vthich, when working, is dosed by a plug). The lioppcr c and funnel R are filled with 
Milphur, w'hich melts and forms a li(]uid seal in K. Air is drawn through A, and the SOj^ passes out 
througli i). 'I'he iiptier portions of the Inwly and funnel are water-e<Miled. CompresscKl air may 
be introduced into K to burn any sulphur suidimed there. The slight Coating of sulphur on the 
pijies, etc., is foird to effe 'lually preserve them. A burner of this tyjie. measuring only 8 ft. by 3 ft., 
will burn no less ilian one ion of sulphur per twenty-four hours. 

Humphreys Sulphur Burner is deserilied on p. 255. Sec also p. 254 for a complete plant 
foi S(>» munufaetnre. 

Burners for the Combustion of Sulphuretted Hydrogen are excee<lingly simple to construct 
4>nee the elementary principles underlving them have been grasped. In the case of the “waste” 
gas from amiuoma-saluralors, it is of the utmost importance that llie gas should be well cooled, and 
that asmucti.is po-,sible of the org.inic matter largely najrhthalme\apour, ammonia, and cyanogen— 
should l>e removed. 'I he gas should he burneil in a senes of Ihmsen hunuTs, care being taken in 
the design ot the burn.r to ensure that thorough heating of llie gases takes place|beforc reaching 
the furnace. The nmsl satisfactory furnaces me prtivided with secondary air and cheipicr-work 
fiartiiions of refra -lory brick. 'I he jiresencc of iron i>\ide laciliiales the combustion, which has to 
lie started by c )al-gas. coke, s|)enl ovule, 01 some other arlitieial means. The gas from the (’hance 
recover), pnau ss can be buriu-tl, if desiretl, in the same type of furnace (see Kig. 12). A large excess i)f 
liea' Is e\ >lved, which m.iy 1 k‘ profital»ly employed for llie concentration of .icul or f<ir other purposes. 


Flues, Dust-Removal Appliances, Burner-Pipes, and 
Draught Pipes 

The Flues for conveying the hurner-gas arc usually constructed of a special 
brick and lined with an acid proof fire-brick ; there is no reason why they should 
not be liuilt of reinforced concrete. Ordinary brick is tjuite good enough, provided 
the flues are kepi dry. Flues should be square, and as great a cross section 
as convenient; they should be short, so as to avoid condensation, and without 
bends: such bends as may be inevitable should be gradual. 'I'he roof is usually 
formed of a special tile, such as those manufactured by Messrs Davison of Buckley. 

It iv most impurtaiU to pr<)t<-cl Hues fiom thv weather. It is v\cn a giiod thing to jacket them 
with sand. Tlie wholestruelme should be well provided with Imek-vt.us, lie-rods, and angle-iron 
clumps, so that it may not iieconu- unduly ilislorlcd. ’I'liese .should not lu‘ buried in brickwork 
wlieu- tlu'v can corrode, but be c.isily acee.s^ible, "o lliat they can Ite re.idily inspected, tarred, 
repiired, or rej)he<*<l. 'i'he iiase ofihe flue usually earricrl on east-iron plates, and these in turn 
by steel sianebu'ns or e.isi-iroii columns. 

Dust is difficult to remove from hot gas. It is found that horizontal surfaces* 
and a velocity not exceeding 5 ft. per sec., are best for the deposition of the dust. 

A properly designed stagnation chamlxT is all that is needed in many instances; 
to be really effective, however, its cross section has to be very largo. 

One of the most eficclixe appliances for catclnng dust consists of a series of horizontal or vertical 
wires strclclied Ijctween frames; each flue is provided with a pair*d dust catchers, either one of 
which can be used while the other is being cleared, cither by mean', of shaking, an air or steam 
blast, or (jther means. Dust can l»e s.uisfaelorily rennwed l)y centrifagnation, liut a high velocity is 
necessary for tins. The appliance may be constructed of suitable cast iron ; now that it is jwssible 
to use efficient f.ins for driving the g.ises between the Imrners ami the first towei or ratalyser, as the 
cii'ie may be. ibeic i.s every reason why this method of <lusl removal should he used. 

For removing the last traces of dust, which is necessary in some contact 
jirncesses, a series of asbestos mats with a filtering layer of slag or wood wool, or " 
other suitable material, is used with complete success. 

The removal of dust is a big undertaking, particularly in the recovery of smelter smoke. As 
explained elsewhere, the type of furnace usually employe<l is some kind of mechanical roaster 
-or blast furnace ; in the latter very large quantities of dust are produced. This dust is sometimes 
settled in long Hues, ns at Freiburg apji in 'I'ennessee. 

An interesting process for the precipitation of dust is the Cottrell electrical method. This 
works <m the same principle ns Sir O. Lodge’s fog-dis|H*lling device. It is also used for collecting 
■sulphuric arid and other mists, 'fhe apfiaratus is said to be efficient and the cost#of working low. 

Burner-Pipes, leading from burner to flue, and Draught-Pipes, leading 
from du»t chamber or flue to first tower, are usually constructed of cast iron. 

Ihe new atid-tesisling cast imn is quite suitable, though large castings (48 in. diameter) require 
careful ham'ling, and are expensive and easily cracked ; the pipes have cored or slotted bolt-holes 
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provided for Ihc flanges, which are noi machined, hire-proof earthenware and volvic stone have 
iteen used with some success, and also cast iron lined with aeitl-proof refractory material. The 
difficulties inherent to the use of cast iron are freiiuently overcome by making all these connections 
in brick with the shortest connection possible between flue and tower. The two chief difficulties 
which have to be provided against are evpansion and corrosion due to the gas cooling down too far. 
With proper and thoughtful design, all tliesc troubles can be entirely eliminated. 

The Burner-Gas. — The burner-gas produced in these ways usually contains 
some SO3, which is presumably formed catalytically, the dust or brick acting as 
catalyst. 

The gases obtaitied by burning good iron pyrites contains, as a rule, 7-8 per cent, 
by volume SO„, o.i per cetit. SO.,, to per cent. O, and 82 per cent. N. 

When [)ure sulphur is burnt the evolved gases can contain as much as 10 per 
cent. SO,,. 'I'he gases evolved from the roasting of zinc bletide contain, usually, 
5-7.5 per cent. SO.^. 

A high oxygen content is essential for success both for the chamber process 



Gay-Lussac Tower Glover Tower 

{Tor condensinq fhlrousTufoes) IFor hberatinq thtrous Tames) 


Fic. 13.--Three Cliumber Suliihuric Acid Plant (Diagrammatic). 

as well as for the contact process. 6-11 volumes of oxygen is necessary, the exact 
amount most favourable to oxidation being detertnined by actual practice. 

Analysis. —The amount of SD^S SO., in the gase-. is u.suall> determined by absorbing in 
standard NaOIl and titration with standard aetd, using phonolphthalein as indicator. The amount 
of SOj is then estimated hy titrating with stanilard iodine .solmioii. 

The oxygen in the gaseous mixture is usually estimated by absorption with pyrogallol or other 
suitable reagent. 

The SO2 produced by any of the foregoing methods is now convent d into 
sulphuric acid, either by the Lead Chamben Process or by the Contact 
Process. We will discuss each in turn. 

« 

The Lead Chamber Process for Sulphuric Acid Manufacture 

Fig. 13 shows a diagrammatic drawing of a typical three-chamber sulphuric acid 
plant. Fig. 14 is another drawing showing the general view of the apparatus. 








































shown in cliawing), pass al a temperature of about 300" from pyrites (lower in the 
case of zinc blende) over nitre pots bh, containing sodium nitrate (Chile saltpetre) 
and concentrated sulphuric acid. These pots evolve the oxides of nitrogen which 
arc essential in causing the oxidation of the SO._, into sulphuric acid— 

(NaNO., + II~SOj = NallSOj ! UNO., amt 2IINO,, = NO ( NO« + O. + 11 ^). 
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'I'he mixture of gases next pass up a Glover tower 0 (described below), then 
into a series of large leaden chambers ccc (big. 13)—often having a total 
^xpacity of 150,000 culi. ft.- - where the sulphur dioxide is oxidised to sulphuric 
add by means of the oxides of nitrogen and atmospheric oxygen, the water 
necessary for that purpose being supplied by spraying into the chamber extremely 
linely divided cold water (jets of steam are not now used). 

The following action takes place :— 

so, I 01 11,0 = 11,so,. 

The oxidation takes place not only in the chambers, but even far more intensely 
'(as we will presently see) in the Glover tower as well. 

Tills .iriicn. v^luili jn<iluhl\ pim e-t.<!s ii.itur.illy <>f usi-lf tn snmr cxifiu, is cmnmously 
accelerated li\ iIh imliIjIu m ii«fti "1 lln iauKs nf pn-sciu m iIk- olianiltci. 

riif t\.u 1 nut li.inisin ol ilu .n l.i»n of ilit OMcles of iiilnigi'M in brinj^in^ lliis al«)nl. Imwcvt-r, is 
not known. In souk- way i!k\ ail as (.imkis of ])assin|^ nn n, SO^. I'ccmninj^ 

icthii'fil, and .ip,.un ali'oiliinii sonu' of llie t'\ct.‘'S of owpcii ]iu“si-iil. 

Attoidin^ to Tdigot (1S44). nitrooi'ti pcroMflc (NO^) oxidises iln- SOj. and is iKelf lediucd to 
niirn oxide (N< tiais ;— 

NO., i SO.. + ILo NO i H.NO,. 

Next lilt* nitiii' oxide {X< >) at oiuc uniies wiili ibe atinospheric oxygen jire.seiU in tlie chambers 
to O' hiini niito’a n pcnixidc, ihiis : — 

NO I 0 - NO,. 

’Jin. nitini;in ]hio'm1i ilius lunuctl once mnu- usixulises more S< >2, sXiul so ihi- i\ck' ci>nimfiu*es 
nm-u. Arcoidin^ i" IVi/i uis (iS30) and \Vi bm it is niliomm irioxido (\..(),.) winch is tlic 

;uli\e anonl : 

SO, -I N.o, , II.,o - II ,S(), i 2XO,aiid2No O - N.,o,. 

Diviis. U isrliio, li.ixt sci up ii\.d llicorics iiast.-d <ni the existence nf ic.d 01 (more 

pi«i'„ibl\) :in.(”in.ii\ ** iitlci nK'di.iU “ n'lup'iiinds. TIu ni.tin .inlliunlU's conlKnini tatli oilier on 
ilic sid'icti, s(i th.ii nn aiioiini ol ilu'c iheoius is best onnlled. The readci will liiid a full 
,t,(innil III I’lnck's •‘Snlplniiu ,\( id and Alkali"' tlf)i3 edition), hut foi full mfotni.ilion lefeiencc 
{■Ik ukl he III h to ihe oiu^ni.d jiapt is nu niioncd at tlie beginning of tins ailicle. 

\\luli\ei hi thi imiluinsni nlthe adi.tii, ii is leiiain that a it lalixely sin.iU siippl\ of mine 
iividt in till pnstiKt of .1 toiiliiuious supply of sidpiuii thoxide, mr, oi sle.iin is cajnihlc of 
conxeiliii this unxiure into suljiliutic .u ul. 

i lit H ai tioii Is null h l.ai ililaitd In the list, of iilira-violi-t light, anti seiious .iiiempls have hccii 
«r,;adx aiul p. i- nt' laki n om to im. nmly ilic ]Uoeesw (lli.it is. to lethice the sjiat e letiuiieil per unit 
ol sul}thill ItuiiKil pi I unil of iniu 1 h\ i 1 k use of nu icun -x njioui tpi.iil/ lamps, wliieh aie entremely 
lu h in this l\ pt. ol lath.ilMii. 

The suijihuric acid condenses on the floor of the leaden chambers, and etin 
be drawn -.(fas “Chamber acid” of 50-55" He. (105''-122'' Tw, 62-70 per cent. 
H.,.S()|). \s we shall inuiiediately see, mutb of it is jiumped up the (Hover tower 
and sent doMii this, and sold as “Glover acid” of 60'" He. ( 141" Tw.---78 per 

cent. 11 ,SO,). 

The waste gases in the chambers are highly charged with oxides of nitrogen 
These arc reco\ered by ])assing the gases up a Gay-LuSSaC tower, 01. (Fig. t3), 
packed with coke, down which concentrated sul|ihurie acid is trickling from a tank 
placed at the toj). Tlie concentrated sulphuric acid absorbs the nitrous fumes, 
forming nitrosvl sulphate, wliich remains dissolved in excess of sulphuric acid:— 

4 

2NI) ■) 0 -I 2ILS0, = 2\OIISO, + 11 , 0 . 

In order to recover the oxides of nitrogen from this compound, the “nitrosyl” 
sulphuric acid is forced u]) to a tank jilaeed at the top of the Glover tower, c, 
filled with flint stones, and communicating at the tot) directly with the first leaden 
chamber of the series. Another tank at the top of the same tower is filled with 
the eomparatiiely weak chamber acid. The two liquids flowing down the tower 
are made to miif in the uppi r part of the column of flint stones, and the water 
in the weaker acid decomposes the “nitrosyl-sulphuric acid” dissolved in the more 
concentrated acid, thus:— 

2 NOIISO, 4 11,0 - 211,,SO. I NO, -I- NO. 
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The nitrogen oxides thus liberated are swept back by the torrent of hot (300’ C.} 
ascending suljjhurous gases from the pyrites burners, and pass once more into the- 
leaden chambers, whereas the sulphuric acid descending the Glover towers, freed" 
from nitrogen compounds, runs off in a boiling hot concentrated state at the bottom 
of the tower as “Glover" acid. 

The uses of the Glover tower are: (t) To recover llic nitrous rumes from lire (lay-Lusrac lower. 
(2) To cool the hot j;iiscs from the Irurners (which enter at about 300- C). (3) 'To help omcenirate 
the chamlHT acid irasstng down the lower—the iieal of the hot ascending gases frmn the burners 
being very eflectivc in doing this—the Cdover acid escaping at the bottom of the tower at about 
60“ tie. (141' Tw.). 'The i hanrber aciit is only allowed to concentrate to about 50°-55'' He. (105”-122” 
Tw.), a stronger acid than this causing the lead of the chambeis to be eaten away rapidly. {4) The 
sulphur dioxide is very rapidly oxidised to sulphuric acid in the (Hover lower—the action being 
here even more intense than in the cli.rmbeis ihcnrselves (11/ /c<r.r/ ten times the amount of sulphuric 
acitl IS pnaluccd per unit of siaice in the Glover than is pnaluced in an e(|u.al volume of chamlrcr 
space). Conseiiuenlly the “Glover" acid, running out at the bottom of the tower, contains a 
considerable amount of sulphuric acid produced directly by the oxidation of the SO^ entering the 
tower from the burneis. (5) In many works nitric acid is directly inlioduced into the sulphuric 
acid luniring down the toweis, this process dispensing with the nitre pots previously nrenlioned (see 
also pp. 222, 233, 234). 

Fig. 14 gives a very good idea of the ordinary old-fashioned threechamber 
process, f is a row of jryrites burners. The sulphurous gases from these pass over 
the nitre pots plated at n, then (bearing with them oxides of nitrogen) through 
a dust-depositing cliamlier k into the Glover tower o, where more oxides of 
nitrogen arc liberated. From the Glover tower 0 the gases (rass successively into 
the three .separate leaden t.hambers, s,, Sj, thence by the tube r into the 
Gay-Fussae tower l., where the oxides of nitrogen are removeil. 

b is a boiler tor introducing jets of steam into the leaden tthamhers (in modern 
practice finely divided cold water sjrrays are used instead of steam jets). The 
boiler also works the compressed air [aimpt p, which serve to force the acid 
litjuids continuously up to the top of the Glover and Gay-I.ussac towers, c is 
a series of coolers for t ooling tlie hot “Glover” acid running out at the bottom 
of the Glover into a tank. A similar tank receives the acid from the Gay-I.u.ssac 
towers. 

Fig. 15 gives details of a small modem two chamber plant designed by 
Hartmann of Wiesbaden, which is capable of itrodueing annually about 2,500 tons 
of sulitburic acid. The water is introduced as a fine spray at the top of the 
chambers. The arrangements for storing the acids, pumping, etc., are also clearly 
indicated. The whole system is roofed over with a wood or iron construction. 
Notice that the single Gay-Lussac tower of the old (jlant is here replaced by two. 

General Remarks on the Chamber Process —The reactions which go 
on in the chambers, leading to the ultimate condensation of “chamber” sulphuric 
acid out of a mixture of reacting gases and mist, can be carried out to completion, 
although this requires a certain time. The acceleration of the process by various’ 
means is essential in modern practice. 

'I'hc chief recent improvements for elfecting this are the better design of the 
chambers, especially the Moritz system, the introduction of fans which cause a 
thorough mixing of the gases, the introduction of water or dilute acid spray, and 
the introduction of reaction towers (such as have culminated in the Opl and 
Griesheim tower systems, |). 239), and the invention of efficient acid pumps. All 
these have combined to greatly increase the efficiency of the process, which is now 
better able than ever to compete with the contact process. 

Perhaps one of the most difHcul(4>roblcms is to cause the complete okicisaliun of the SO^. which 
in the last chamber becomes excessively dilute. Also for the process to work properly it is 
absolutely essential that plenty of nitric oxides (usually introduced as **niirosyl sulphuric acid’* 
from the (iay*Lussac tower, but also directly as niliic acid in many continectal works) should be 
present in the reacting gases. Any want of nitric acid causes not only a loss of unattacked SO^ gAS 
out of the chambers into the air, but also a loss of nitrogen, as unoxidtserl nitric oxide (NO) 
hnally escapes out of the ^jsLcm, not being absorbed as .such in the (iay-Lussac tower. However, 
excess of nitric acid causes the action to almost complete it.>e]f in the first chamt)er instead of being 
distributed through three chantbers. Tlie intensity of the action and amount of sulphuric acia 
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produced is thus greatly increased, but unfortunately the lead of the chambers is more rapidly 
aHacked. In fact, under the now more intensive conditions of work prevailing at the present time, 
the life of a set of lead chambers has been reduced from twenty years to fifteen years, and even less. 

it is essential that the gases esca|)ing into the air after passing through the 
system shall contain some 5*7 per cent, by volume of free O—otherwise the nitric 
oxide (NO) will not be oxidised to NO.^ or and so will pass right through 
the Gay-Lussac towers unabsorbed, and escape into the air, thus occasioning a loss 
of valuable nitrogen. Any deficiency in the design or number of the Gay-Lussac 
towers will also yield a loss of nitrogen. 

Indeed it is the loss of the expensive nitrogen which causes much of the working costs. Part of 
this loss seems unavoidable, possii^ly some nitrogen escaping unabsorbed into the air as nitre^n 
monoxide (N.^O). Enlarging the Gay-Luss:ic towers and effective packing (see below) have 
reduced very considerably the amount of this waste of nitrogen, yet even now it is quite common to 
consume 1^-3 kilos of sodium nitrate to every too kg. of sulphur burned. This works out as 
<X5*i kg. of sodium nitrate to every 100 kg. of concentrated sulphuric acid produced, amounting to 
4-8 per cent, of the selling price of the latter. 

Ilowcvcr, the recent introduction t>f cheap processes for manufacturing nitric acid (see under raw 
materials, p. 210, also under nitric acid in this Volume) may lower very considerably this expense. 

The oxidation of sulphur dioxide (SO„i into sulphuric acid, thus:— 

SO. 4 0 + 11.0 = lIjSO, 

proceeds with the development of heat. Thus to produce i kg. of sulphuric acid 
with the aid of water sprays there is developed some 600-700 calories. When jets 
Qf steam (as in the old process) are employed some 800-900 calories are developed. 

It is hence easy to understand that the introduction of water spray instead of .steam (by allowing 
the chambers to be Wept itelow 90'' C., and llius saving the lead from corrosion and favouring the 
condensation of tlic acid) has eflected much saving by allowing a more intensive production to take 
place per culuc yard of chamber space. The last chamber of the .series is usually kept about 40“ C., 
and sometimes means are taken to artificially cool further the gases escaping from this into the Gay- 
Liuss’ .powers, liecattsc the nitric oxides arc fat better absorbed at a low temperature. 

Yater is necessary to form sulphuric acid (as is obvious from the above 
equation). Much of this water is yielded in the form of steam from the Glover 
tower, whe c the hot furnace gases, meeting the diluted chamber acids, concentrate 
it very considerably, the steam thus evolved passing with the uprising gases into 
thf* chambers. This water, however, is not sufficient for the production of the 
75 per cent, acid of the chambers, and so more has to be supplied in the form of 
water sprays. 

Howevei, the supply of water has to be very carefully regulated, so that the chamber acid of the 
first chamber never exceeds 55“ Be., while the acid in the last chamber must not be less than 45* B^. 
Acids stronger 'lian this cause the solution of oxides of nitrogen in the form of nitrosyl sulphuric 
acid (see under tiay Lussac tower, above), and rapidly attack the lead, whereas acids weaker 
than these limits cause the oxides of nitrogen to dissolve as nitric acid and pass out with the 
chamber acid. 

The Yield of Sulphuric Acid should work out, when operations are properly 
conducted, about 290-296 parts of sulphuric acid (roo per cent. H2SO4) per 
too parts of sulphur burned as pyrites. 

This corresponds to a yield of 94-96 per cent, of the theoretically possible. Pyrites poor in 
sulphur, zinc blende, and similar materials naturally do not yield anything like this amount of 
sulphuric acid on the amount of sulphur burned. A certain loss of sulphuric acid occurs by part 
escaptog as a mist or cloud with the exit gases of the system. The amount of sodium nitrate 
consumed is 0.5-1 per cent, of the weight of concentrated sulphuric acid produced—a loss which 
seems unavoidable (see above). 


Constructional Details of the Lead Chambers 

The chambers are constructed of antimony-free soft lead sheet, about 3 mm. 
thick. The joints, etc., are all autogenously welded by means pf the oxy-hydrogen 
blow-pipe flame. The bottom plates have their edges bent up so as to form a flat 
VOL. 1.-15 
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cup-like rece])tarle for the chamber acid. The sides, tops, and bottoms are 
supjiorted on wooden lieams—usually of jritch pine—by means of straps of lead 
fused on to tbe lead formint; the chambers by the ONy hydrogen (lame, and nailed 
on to tile beams at the other end. 'I'he roof and side walls, thus suspended by 
leaden stra|)s Irom the surrounding beams, dip like a hell into the lower cup-like 
dish of the liase, the chamber acid itself thus forming the sealing liquid between the 
interior of the chamber and the outside air. Two to four chambers are usually 
built of oblong shape as indicated in our illustrations. Tbe greater the number of 
chambers the higher the cost of construction, but also the higher the yield of acid 
[)er unit volume. Wide leaden tubes connect the chambers together, and also 
connect the chambers with the (ilover and (lay-Lussac towers. The C(dd water is 
sprayed m above through a series of “atomisers” (sli'ani is not now used), while 
thermometers are arranged in the walls riglit round the chambers so that the 
temperature conditions inside may be checked. 'J'he density ol the cliamber acid 
is ascertained by making compartments in the walls of the chambeis, whereby the 
acid condensing on the sides is, by an opening, allowed to come into contact with 
hydrometers, the readings of which give at a glance the strength of the chamber 
acid. (Hass windows are set in the uniting lead pipes, whereby the colour of the 
chamber gases can be observed. I' rom time to time the chamber acid is run off 
through leaden pi])es into leaden reservoirs. 

J‘'oiukt 1 v U w.i'. I tinsidcrci! a ^ixxl jicld when i iul> m. of ([bnii'icr bj'aco pioduced )>cr 
twenty-foil! liours mhiu* 4-4.5 kiios oi cIkuiiIkm aiul J lo\\( vci. at the pu-scnl tini(\ niclliods of 
inlcTibivc work .ire almost iimversallv pr.iriiM'tl, whculiy il is imi uiuTanmon to oltlain as murli as 
10 kilos of tli.imltfi at id in.-! culac iitctrf- chauilicr spare pt^r Ivnchu- four hours. Jii ordei to 
increase ilie yield sometimes inlermcdi.Ue “reaction towers ’ are plated between the successive 
chanihers. 'I'liese aie filled with acid pio'd jilales or stont's doun whith tlilule and is run, and in 
them tonsideiahly mou and is formed than m an c(|ual \oluiiu of em|Uy cliainhei sfi.iee, since the 
lar{;er the condeiisin}; surlace the greater the yu Id ol acitl lli>wev*-i, these inlermediale towers do 
not seem to have het'n very widely introduced (see jip. 22C), 250for iuillier details}. The nuaease of 
condensing' surfaee hy susiiendinp leatien plaies inside the i handms has been tiied and abandoned, 
since the lead is rapidly ealen awa). The mam method emplo\ed (or increasing; the yield is the 
Jiitroduciion of an increased (piaiitily of mint and (usually run down the (jlo\ei tower, ihusMoiuj; 
away with nilre pots), so that jilenty of o\idcs of iiiiioj.';en are libe-aleil and ciiculaletl inside the 
cliainl>ers, thus oMdisinj; a ^'reaiet amount of SO._, per unit nine. Also the j;ases in the chambers 
are nioie thoroughly mixed by the introduction of l.ins wliith force die };ases irom the pyrites 
imrners tln(!Ut;li the whole sysiem williout eaiisin}; uiitlue prtssuie at any out point. Kefoie the 
mliotluctioii of these \enlilatin}; fans the only draiiglil ohtainahlt' was fmm the clnmne) at the 
exit and from tlic iiot ^ases risin]^ from tlu* furnace'. 

As in this “intensive working” considerahle heal is iinolvtd fscr ]». 225), this is eliminated 
by making the c.lninibeis narrower and longer than lormcriv, as they cool moie rapidlv. Also the 
replacement of the steam jets hy cold water spray helps coiisiderahlv (st.e pp. 225, 253}. Nevertheless, 
the life of the chambers has sunk from twenlv years to undei fifteen \e.us. 

Within the hist few years very consitlcralHc advances have been made in the 
construction of leaden chambers, whereby tbcir life is greatly prolonged. 'I’lie 
principal credit of these new methods of construction seems to be cine to 
R. Moritz. In the old system of cbiimbcr ((instruction no proper arrangement 
f(jr allowing for the expansion of tbe lead was made, and the supporting timbers 
soon warped under the heat. Tbe lead, therefore, soon cracked at points of 
strain, and corrosion became vciy considerable at certain points. Moreover, 
radiation was mmh hindered. Moritz, however, obviates these and other 
dij,advantages hy enclosing the chamber in a stiong skeleton built of structural 
irAi or steel, from which the ebamber is suspended by overhead beams. 'I'he 
structure may be enclosed by a very light brick lattice structure and tile roof, 
light being admitted by gla.ss panels and tiles. 

Moritz Chambers are now being constructed of rylmdrieal sha|)e, almost like empty round 
towers. The precise method of suspending the chamtrer is exceedingly ingenious, and is sjiecially 
designed lo olivialc .rny danger arising from extiansion or conlraclion, and lo secure a maximum 
lieal loss by radialion. - 

In one type the top of the rhamher was made semi-oval instead of flat, the olijecls lining to 
prevent the aerumulation of dust, render repair more easy and Ics.s necessary, and lo assure more 
perfect circulation of the air outside ,ind of the gases inside its upper surface. 

Tlie le.ad floor re.sts upon an under floor of iron plate, and this in turn is supported fiy brick 
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columns. The upturned edge of the floor consists of iron plate, bent underneath to a distance of 
10 in. This is to ensure the most rapid cooling at the weakest point in llic construction of a 
(h.mber, where corrosion is most pronounced and repairs are exceedingly difficult. The same 
jinnciple.s of const ruction arc employed Jbr the necessary towers. All corners are avoided as much 
iis possible. 

The cost of conslruclion at Krat/vsictk w.is about 33 pei cent, more than l>y tlie old system; it 
lias now lieen reduced to under 25 |)cr cent. The yield is about 7 kilos of cbaniber acid at 50'’ ik per 
cubic metre, the consumption of niiric and l>eing some hull a kilo per 100 kilos of chamber acid. 

It was anticip<iti.il tliat the increased cMjnt.il cost would be more than coinpens.iled by the 
increased production and decreased nitre consumption, saving in tiu* amount and difficulty of 
executing rCfiair.s, increased life of the lead and ecoiioni) ol costs ol reconstruction, uhen eventually 
necessary. Suhsecjuent experience has tended to (onfirni these opinions. 

Many mmhtied forms of chambers have been described and even extensively erected. Thus in 
Meyer’s Tang^ential Chambers (/c/Z. C/icfi., 159,055), a tlmrough and efficient 

mixing of the gases is acliic\etl by making the cliambers circular in hoii/ontal section (a number of 
these being :irrange<l in senes), and causing the gases to enter the side of the first chamber 
tangentially, and leave by a ]»ipe ihiougii the ceiiliv of tiie bottom, passing thence to the second 
chamber, wliicli is also enleicd at a tangent, and so on llimughout the series. The water sprays 
are arranged so as to aid the circulation and mixing ol the gases, winch are thus compelled to 
take a spiral course thiougli eacli chamber, thus cllecling a llic>rough mixing and resulting in a 
larger output per mnl ol chamber space. 

Anoiliei system which merits attention is the “ Falding Chamber.'’ The Falding Chamber 
is one which is l)ecoming pojiular in llie Uniied States of America. Its essential lealure is its 
height, thi ihc'ory lu ing tlial the gases which have u-acted and cooled sink to the liotlom, W’hence 
tliev c.in If removt'd lo the lU'M chamber. This praciice of incii-asing the height is by no means 
conliiiLCi to h.ddiiig, it having bein tlic lemleiicy among uilelligenl manufacturers, particularly on 
l!ie C'otilinent ol Faiiope, for inane yiais. The acivaniages cknmcil arc a saving in lead or an 
inciease of output lor the- saim cubic caj>acil), only 0-7 cub. ft. of sjiaoe being recjuireil, so it is 
slated, i>er pound of suljiliur burned pei iwenly-foui hours. 

The Brown Tower Chamber sec ms lo rc'[>rcsent a considcralilc advance in chamber design. It 
IS li« ft. in diamelei am' 35 ft. high, and is guaianitcd to be woikable at a production of 4 cub. ft. 
jier p>uml ol sulphur burned pm iwenty-four hours. The nitre ciuisumptioii under these conditions 
of work Is not staled, but at a lower output—als.- iu>l staled the nilie coiisimijilion is guaranteed 
not tt» exceed 2 per eeiil. on tlu siilpluii binned. Large sets of tliese chambers are being erected 
11' tins country. I'lg. 16 shows a set ol six, together with (ilover and Ga}-Lussac towers. The 
cl.ainbers couM jiroliahly be made larger with advantage. 

The Gay-Lussac Towers. — In modem factories nearly ahvay.s two are 
Used. ThfV an. cylindrical in shape, about 10 ni. bigli, and 3 m. in diameter. 
T'hcy are usually built of load, and Idled with coke. 

’^•Luiigc’ h.is I 'oved that coke is slight!} .uled on by the oxides of nitrogen, and so in some recent 
practice the coke li.is been rcplaccsl l>y odicr acid-prool packing. The gases honi the last chamlier, 
which are praclic.ill'' fice from fsOo, Iml rich in oxides of nitrogen, entc'r at the base of the lower, 
and there mcit w’llli a descending stream ot (>()' (Ilover acid. 'I'lie acid is spiayed over the packing 
of the lower luiilormly eillicr by a rotating leaden “sp.irgei or by means ol jdales of lead or 
Crtithenw.ire with /ig^ag edges. 

The iiiiious femes are here absorbed with the ioimation of nilrosyl sulphuric acid, as explained 
4>n p. 223. 

The Glover Towers, being ckijosccI at their base to a very considerable 
temperat iic (as the hot gases from the [lyrites furnaces enter them witii an initial 
temperature ol 300" C.), are now usually built of closely-fitting acid proof earthenware, 
shown at a in Fig. 17 (whii.h gives two sections at right angles to each other). The 
section may he round or circular, and they arc litted together without mortar, by 
means of lead rings (shown at Fig. 17) or silicate cement. Towers are now 
being constructed of rings of volvic lava (a comp.act stone known to geologist^--as 
“ Domite,” and found in the Auvergne district in France', 

Tlie packing here employed may be llints, hut in modern practice plates or holhiw cylinders of 
acid-resisting earthenware .are employed (Kig. i8). Oscar (Inttmann employs fuse<l alumina, which 
IS very acid-resistant. This jiacking must disiiilmle the down/lowing acid uniformly, hut special 
care must be taken that too great a resistance is not ottered lo the uprising gases (see p. 231). 

lathe Niedenfiihr-Rohrmann system of packing (h’ig. 17) the .stones are packed together, as 
shown in l, 2, 3, 4, e^ch stone being provided with a gutter r and an opening a. The stones arc 
arranged in the towers in hori/;ontul layers, as seen in Fig. 17. For the general theory of packing 
lowers, see p. 229. 

The gases from the furnace enter at hi (Fig. 17), and pass*upwards through the 
layer of stoneware. The entering acids flow uniformly down the tower out of 
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the two distributing tanks tt, the very hot (ilover acid escaping through pg aX the 
base. The function of the Glover tower has been discussed on j). 224. 

Kecenlly sysicms of two (.jlover towers have been Imilt, the first ono only being kept very hot 
so as to concentrate the acid pouring down it, while the second one serves to denitrate the acid. 
The second tower, however, must be kept fairly hot if it is to work efficiently. 

Coolings the Glover Acid.—The GlovtT acid issuing liom the Glover tower is, of course. 



Fkj. 16.—Tile Brown Tower Chamlier for Sulphuric Acid. (See p. 227.) 


itself exceedingly hot, being practically at ns boiling point of i2o"-i6o“ C. ; it, therefore, has to be 
cooled. The most efficient system of cooling is to start the operation by pu'^sing the acid through 
a water*jackeled, fused silica vessel, and to finish it in a cooler made of chenucal lead. 

The object of this cooling by stages is to check the considerable corrosion of the lead by th^ 
intensely hot acid. Unless the tower packing l>e really acid-proof, and the burner-gas well free^ 
from dust, it may frequently happen that solids will settle or crystallise out in the coolers; in thj^ 
case they should be designed so as to admit of easy and rapid cleaning while at work if necessary. 















Fk;. i7.- -Glovfr T.vwcr'-. Employing the Niedenfiilit-Rohrmnnn System of Parking. The 
Two Vcrtir.il Sections a!>ovc shown are cut :il Right a\nglcs to each otlier. (See p. 227.) 

General Theory of Towers.— The employment of towers in almost any proces.s tisaally 
involves the principle of the counter-current. By this is meant that a substance “a can interact 
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either chemically or physiralK with <i subsUinro ‘•h*' in such a way U'l lo take from or give to it 
a form of energy or mailer; the avidity with which this interaction lakes place, and the extent to 
which it will proceed, (lep<-n(ls. othei things !»eing c(|u:iU upon the amount of energy oi matter which 
has already heen inteichanged, and is approximatidy iiuersely j>ioporlional lliereto. If we can so 
design our intcrrlianger that the outgoing nearly saturated “ a” meets with the incoming “ i».” the 
maximum ditrerence ol what the ph\deists term “ potential ” will he .ilwa\s maintained, and that, 
by sufficiently augmenting the tiine of contact, we can increase the percentage of our 
exchange as much as we please. In the C.ise of chemicut leaclion- it can hi- m.ide prarlic.illy 
perfect. Interesting e\am}»les of ilie countei -cmrent aie the expansion sR-am lurlmu', the meciianical 
calcmer, the heat “ mleichanger," continuous stilU. the cxliaclion of sug.ii and other soliihle 
materials, ('oiilimious woik is more ffTicicnt than it llic micraction lie condueted in a senes of 
steps: 01, if in a senes of sieps. it will he nnue effieient tlie grcatei hi the nmnhet of those steps. 



The amount of intnacUou depends upon tlie relative velocity of ihi Uv.. loiintei rmieiUs, and 
ujion their dcgiet. of mlimae). and upon the rapid lemo^al ol llu matui.d .u tin ■'Uit.ire. where the 
interaction takes pI.Rc ; the efticiency is gie.ilest when llu \ilo,ities of ilu two eountn -Liiueiits aie 
equal and oppo^lll. 

If these esseiuial pnncipli-', .iie home in mind, it is cas_\ to de( nk. whether oi no a lower packing 
is likely to he efhcieiit (see next .Section) 

Lunge-Rohrmann Reaction Towers.--! i had been found th.it the verv blow 
gaseou.s niovemem i;oini; on in big leaden chanihers eau.ed a paitial separation of 
the component gases and mists, the heavy acisi mist sinking downwards, while the 
lighter nitrous gases rose to the top of the chaiiiher, ami caused severe corrosion of 


d 



the lead, Lunge timl Rohrmann, therefore, placed reaction towers between the 
leaden chambers in order to cause a more thorough mising of the chamber gases, 
and .so increase the yield of sulphuric acid. 

Owing t(i the prolwhlc repl.aceraent (if most chamlier systems li, towor Systems, the value of the 
intermediate tower as an adjunct lo a set of cliamlicrs furs sumewhat depreciated. They were very 
popular on llic Continent of Euroiw? Their function was a (Inutile one,—tirslly, to improve the 
intimacy of eonlact, and elVeet thorough mixing oi the gases and finely divided vesicles ol liquid in 
.suspension : und secondly, to arrest and cause the deposition of sucli of this acid mist as was in 
a fit condition to he removcif. 

Reaction tow'ers are usually made of acid-proof earthenware, consisting of a 
series of plates (see Fij^. 20, 21) or sections in which the li(|uid is brought into very 
intimate contact with the gas. The lowers are either fed with chamber or other 
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acidj depending upon their position, or not fed at all, sufficient acid mist being 
arrested to maintain a sliding film of liquid on the interacting surface. 

As regards the packing in them tlie following points must he l>orne in mind, winch also apply 
to the Glover Tower, Gay-Lussac, and other towers {see preceding article lor them). 

(1) I'he packing must lie really acid-resi'.ting ; (2) the cost should not be too high; (3) it 
should be homogeneous, olherwuse llic eltiriency must suiler; (4) it should expose the maximum 
surface possible; {5) the paili ol the counter-current sliould he as great as possible; (6) the 
relative velocity should he as small as possible; (7) it should be jiossihlc to clean it hy w'ashing; 
(8) it should not he loo heavy. 

It is evident from the above that the packing iiuist not he too closely set togeihei, otherwise 
the amount ol free space will he so small as t(* cause the velocity of tlie gas current to he loo high, 
throwing a Imck'pressure in addition to increasing the \ elocily ; it must not contain largo jKirlially 
stagnant pools of liijuid noi pocki'Is ol gas. 

Theic are many varieties of tower (lacking (sec (i. 227), which more or lossfiilfd ihe-e conditions, 
those of Messrs ()scar Gullmann Stuis, ol llie Hum o.it and Buckley Brick and Tile Companies, 
being good. Few of them .ire realh .ieifl-))roof, ami have to l»e replaced aflei a time. They are 
usually ma<le of senu vitrifieil »'lay, though those of Mcsms Gnltinann aie made of fused alumina, 
which is much more roMStaui to (he eorro^lVe action ol adds. 1 he use of sliip>, ol glass is success¬ 
fully emjiloyed by one mvenioi. 

If (iroiierly packed .ind jtto|)erly gradi'd, Ihnis and broken (jiiait/iie lonn escelleut packing 
materials foi lowers, their lIiicI disadvtinlage being their weight. The lateial thrust of a consider¬ 
able height has to he taken hy means of a leinloicing lateral iion hand, or by other means; 



I'lt.s. 20 and 21. -Plates for Arid Ttiwcrs. 


moreovei, tlie ratio of suriace to ma-.s much less than m jnopeily designed parkings. The 
finesl iiii.at/ite lor tlie purpose conics Inmi ('hcihouig. 

liiiii'iy recent years an interaction tower has been inlrodnced which is entirely 
devoid of packing. T'he liquid with which it is fed is sprayed in at the top, and 
falls as a fine rain to the base, wliere it is collected and removed, tlie uprising gases 
being distributed through the specially designed floor. 'Fhis type of tower has 
been used fur botli (Hover, Gay-Lussac, and eoneentrating functions. 

Method of Inducing Draught.— Fans are now usually employed, made of 
regulus metal, special cast iron, or acid-proof stoneware. Usually one fan is placed 
between the burner and the Glover, and another between the tw'o Gay-Lussac 
towers. 'I’hey are cased in lead, iron, volvic stone, or acid-proof brick. 

Pumping the Acid- —Usually the acid is jiumiied to the top of the Gay- 
Lussac and Glover towers by automatic montejus, driven by compressed air. 

Very efficient aj'jxiralus of this sort have lieon put on the m.irket hy Kestner. Fig. 22 shows, a 
typical Kestner acid elevator. The liquid eontaine<l in die feed tank A runs into B. 

As soon as w is full the acid operates the jart X of the float which, by means of the rod C, closes 
the air exhaust valve and opens the compressed air vahe. The liquid is discharged through the 
pipe T, and tlie air, after delivering the liquid, causes a fall of pressure in the apparatus, which 
operates the valves in the opposite direction. The cycle is then repealSd. 

Schutze's automatic elevator is also very efficient. It is shown in Fig. 23. 
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The liquid flows by gravitation through the check-valve A into the elevator. During this period 
the dead weight of the double float c (consisting of two rigidly connected balls b and b,) acts on 
the lever i) in such a manner that the compressed air (or steam) inlet k is kept closed, whilst the 
outlet valve F is open, allowing the air displaced by the liquid to escajHi. 

When the liquid reaches the upper part of B, the float rises, whereby air outlet F is closed, 
and the air inlet valve E opened. The compressed air then presses upon the surface of the liquid, 
which is forced through delivery pipe When the surface of the liquid reaches the lower ball B, 
the float sinks, closing the air inlet valve. The compressed air expands until the egg is nearly 
emptied, but before the air can enter the delivery pipe the air outlet valve F opens, and the cycle 
of operations is repeated. 

Messrs Kestner also construct elcvalois in which tlie air is separately exhausted, and liave also 




Kig. 23.—SchUtzes Acid Elevator. 


applied the principle of preheating the compressed air, whercits Schiilze has designed a continuous 
elevator suitable for working sprays direct, and also one electrically controlle<l for dispensing with 
feed tanks at the top of lowers. 

Acid Centrifugal Pumps'are now on the market, which are mechanically far 
more efficient than compressed air liftings. 

Messrs Haughtons construct centrifugal acid-tight pumps, having overcome the 
difficulty of leakage at the glands. 

In additio.i to their ec.j||ioin)r of power, centrifugal pumps possess the following advantages 
over compre.ssed air: (l) There is less wear and tear of the acid pipes. When corapresised air is 
used much repair work is necessary, due to the violent shaking—this is avoided, of course, with 
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ai- independent air exhaust, and also to a great extent in SchUtxe’s exjuinsinn pulsometer; (2) 
no escape of nitrous gases; (3) ease of rendering completely automatic ; (4) absolutely continuous 
delivery. Highly efficient pumps of this kind are now made in England, Germany, the States, 
and elsewhere: in some the gland is allowed to leak, and the leakage returned to the feed tank. 

Ordinary plunger or bucket pumps are now constructed of hard lead, acid-resisting cast iron, 
and earthenware. They are fairly efficient appliances, but are not nearly so convenient as, and are 
more expensive in use than, centrifugal pumps. The old acid “eggs” and also “emulseurs” 
<where the acid is driven over as a froth) have largely gone out of use. Against a low pressure, 
however, emulseurs are still used. 

Introduction of Water Spray instead of Steam— The introduction of 
water spray into the chambers instead of steam has effected a considerable economy, 
the expense of steam raising being obviated, while both the nitre consumption, 
r hamber space, and wear and tear have been considerably reduced (see p. 225). 

The sprays used are of two mam types. The one consists of a cylindrical chamber with a 
tangential inlet and a cenual outlet. Tliis type has lieen developed by Messrs Haughtons, and is 
very eflicieni where it is required to handle fairly large volumes. Theoretically it is very much 
better to introduce the water in the form of weak acid than as atomised water; practically, however, 
there is the risk of water being delivered to the chamber without being atomised, upselling the 
chamber process, and possibly causing severe local corrosiem of the chaml)er, through the formation 
of nitric acid, before being discovered. An advantage of Haughtons' spray is that the aperture 
is comfortably large, and the acid-feed need, therefore, only be passed through the coarsest of fillers. 
The tmllet is lined with ])orcclain or other wear-resisting material. 

The other type of sjuay which is very largely used, jwticularly on the Goniinent of Europe, 
that exploited by Messrs Benker & Millberg. It is really intended for use with water, and 



Fk;. 24.—Haughtons’ Spray. 


is made of iridio-platinuni. With the extremely high price at which platinum now stands (over 
^8 per o/.., or more than double the price of an equal weight of gold) the expenditure neceswry 
to equip a set of chambers with these sprayers is very considerable. Fig. 25 shows the various 
parts, mil sire. The appliance consists of a cylinder in which a finely cut loose spiral works, 
the thrust being taken on a footstep l^earing. The acid being forced through the spiral channel 
causes the m 'cw to rotate, and a fine and widely distributed spray results. The chief dis¬ 
advantages of this apparatus are the possibility of obtaining a stream instead of a spray in the 
event of t ie jiassage becoming dogged or corroded, and that the initial cost is very great; a large 
number are required ; it is difficult to tell if they are working properly, much supervision is there¬ 
fore necessary, and a set of very fine fillers have to be used. Their chief advantj^e over the 
Haughtons’ type of sprayer is the smaller volume of liijuid with which they will work—some 2^ galls, 
per hour, though the Haughtons type is said to be capable of being satisfactorily used for this 
capacity. 

These sprayers require 40-48 lbs. jiressure per sijuare inch behind them, obtainable either by 
means of compressed air, or preferably by means of multicellular centrifugal pumps. 

Other sprays exist of the splash-plate type, in which a fine jet, under pressure, is directed 
against a plate, and also atomisation by steam. This last method is somewhat unsatisfactory. 
Glass sprayers have also been used. 

The sprays are usually fitted on the top 01 side of the chamber (see Fig. 25) so as to be 
readily inspectable. 

Methods of Introducing Nitric Nitrogen.— The old-fashioned method 
of the nitre pot, heated by the burner-ga.s, still remains in a very large number of 
factories both in the United Kingdom and in the United States of America. 

On the Continent of Europe it is more usual to employ nitric acid. The increased cost of 
nroducing the HNO., is said to be more than repaid by the economy due to the regularity of feed 
ind other considerations 
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The nitre pot consists of a cast-iron vessel placed iti an expansion of the flue. 
It is fitted with an acid feed tank, and is periodically charged with nitre and acid. 
The nitro-cake (acid sodium sulphate) is run off, by removing the plug, into a 
tray where it is allowed to cool. 

“Nitre’* may also be intioiIuce<l by running a strong Sitlution of sculiuni nitrate and sulphuric 
acid down a spaial imi.iting lower immcdiaiely following the (Ui)vcr, or by spiaying the soluliem 


Senker's Sprayers full size 



How the Cold Water Spray System is attached to the 
lead Chambers 



into tlie cliamber itself. In the case of fertiliser factories the presence of a sin.ill fpianlity of 
sodium sulphate is of no great ronsequenre, and the second of these tw(. methods seems likely 
to be further developed. 

In liic Opl system (p. 239) any nae of these melliods of introducing “ nitre ” may be employed, 
except, of Course, that thfcre are no chambers into which to spray the nitre solution. In the 
Gncihelm process (p. 239) nitric acid itself has to be used. 









































SULPHURIC ACID 


235 


Chemic&l Control of the Chamber Process. —The progress of ilie manufacture is controlled 
(^1 by estimating the amount of Sih and SO^ in the entering burner-gases; (<i) determining the 
sl.cngth of the chamber acid : {/) checking the temperature of the chamlicrs; (d) tin; waste gases 
from the chambers aie tested (by observing tbeir colour through gla«s windows) for oxides of 
nitrogen both before and after passing through the (iay-Lussac towers. Tlie amount of free oxygen 
in the gases is also estimate*! ; (c) the amount of nitric acid and also total nitrogen, both in the acid 
Cuming from the (Jay-Lussac tower and also m the chamber acid, is usually estimated. 

The Waste Gases. —According to the Alkali, etc., VVoiks Act, the linal exit gasc.s from 
sulphuric acid works must not be of an acidity equivalent to more than 4 gr. of SO;, per cubic foot 
in ('hiss I. (acid maile by liie ('baniber ami like systems). In Class II., wliicb consists of contact 
])rocesses, the “best ])ractical»lc means” have to be employed ; this incUnles contact sjstems. Tlie 
acidity (d the htiai outlet gases from concentration plants must not exceed the ctjmvalenl of 1.5 gr. 
of So., per cubic fool. 

The waste gases contain, of (•nui'.e, comparatively little oxygen, and, of comse, a high [iroportion 
of nitrogen. It is conceiv.d)le that they e<Hild he jirofitably further clinched ami used for the 
lornialton of either calcium cyanamide or synthetic ammonia. 

Purification of Sulphuric Acid. —Arsenic in the form of arsenious oxide 
As.Aj, is the chief impurily in sulphuric acid, (‘specially in that made from many 
pyritie ores, although spent oxide and some deposits of ])yiilcs are very nearly free 
from it. 'J'he arsenic maybe pri'Scnt from traces up to 0.10. The presence of 
small quantities of arsenic in tlie sulphuric acid used for making superphosphates 
and other manures is not very injiirions, but for other purposes, such as the 
manufacture of glucose, the etching of metals, the prodiK'tion of hydrogen—in fact 
f(a- all ordinary uses—the ai'id must b(‘ arsenic, free. 

Wlien; a pcrh'clly arsenic-free acid is necessary, it is easiest to obtain it by 
burning sulphur (see p. 217), or else by the contact [irocess. However, a 
“ teclinically ” arscnic-fiee acid can also be jirejiaied by the lead chamber 
process, provided that a pyrite [)0or in arsenic is used, and that good dust 
chambers and gas-filtering aiiangemcnts arc used. 

Arsenic ni.iy he lenmicil fiom sulphuiic acid ;— 

1. />’)' / ‘ ifiUs rt'/'f ivifh ml/'hioi'fted hydiO'^cn and p:tvipilalniii ihe avifnii a< 'Utlphide. 
On the i.iigo scale the chamber .n id is diluleil to 43^ Ikx, ami allowed to flow down leaden lowers 
.igain«t an uprising stre.im o( H.^S. 

'Ihe coiiiplele remov.d ot the arsenic as AsoS„ however, can only be atUilned by diliiling to 
2 I lie. On the small scale, . in acid to be used foi accumulators, this acbievetl by adding 
i,^^irium sulphide (l>aS) thus 

n.iS-I n.so, = v.aso,-i n..s. 

3ILS I As.().. ^ As._,S. I .’,iOO. 

The Il.^S at the same lime remove>, as sulphides, .such metals as lead, copper, antimony, bismuth 
—but not iron. 

2. Volatilisation at cliloride, wind) mcihud was introduced and is woikcd by the United 
Alkali C^o. ; he acid is treated at a lemjieraluie of ahoul lOO’’ in a suitable tower with dry HCl, 
the IrichioiuV whicli forms being subset|uenlly volaiilised. This melluKl has the advanlage over 
that of removal in the fotm of sulphide in that, in the kiltci, it is necessary to dilute the acid before 
trcatnKiU witii ILS. 

3. Jiy arrestin:t; the arsenii in hot ferric oxide with the formation of iron ar<:t'nile. Of these 
methods each has its special merits. 

Chamber acid sometimes contains oxides of nitrogen. These can be easily eliminated by 
adding some ammonium sulphate when concentrating the acid, 'flic nitrogen escapes as N.j and 
as N.^O. 

If further purification is really necessary the acid usually lias to be distilled. This is eflected 
in platinum or glass stills heated in a .sand bath and fitted with suitable condensers, usually platinum. 
Heracus, of Berlin, has introduced a still made of a compound sh ‘et «>f platinum and gold. In the 
existing slate of the platinum maikct it is much cheaper than one of equal capacity njade wholly 
of platinum. The wear and tear is said also to be considerably less. Stills for sulphuric acid are 
also made in fused silica. 

Concentration of Sulphuric Acid — Chamber acid is concentrated to 
about 60° Be. in the Glover tower. I'he Glover acid, however, takes up 
considerable amounts of AUO^ and FeoO., which are difficult to remove. A purer 
acid can be obtained by evaporating in lead pans, heated either by the waste heat 
of the burners or by passing superheated steam through leaden pipes immersed 
in the acid. • ^ , 

However, the concentration in lead pans can only be carried up to 6o Be., 
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since a more concentrated hot acid attacks lead badly, and also porcelain. 
Recently, however, there have been put on the market pans of extremely acid- 
resisting material; for example, fused sand or silica (vitreosil), filso a mixture 
of silica with a little titanium or zirconium oxide (which is said to delay devitrifica¬ 
tion and increase toughness, “siloxide”); alundum, fused alumina; also the very 



Fic. 26.—Cascade System of Acid Concentration. 

important new acid-resisting alloys of iron with silicon— such as “ironac,” 
“ tantiron,” “ duriron,” etc. 

The so-called cascade system is employed. The pans {see I igs. 26, 27, 28), each provided 
with a lip,^ are arranged in a senes, each cme at a lower level than the other, so that the strong acid 
follows, cascade-like, from one into the other. Kach of the pans is licated from below, so that the 
acid at 60“ enters the top Iwisin of the scries and. flowing o\er each hisin {twenty or more), in turn 
is gradually concentrated, an<l escapes from the last basin conct^niralcd to 66" Be. Naturally during 
the operation quite a considerable amount of acid fumes aie e\oIved, so that the series of Ixisins arc 
covered with a hood which leads away the fumes through a condensing system, and so recovers 
most of the volatilised sulphuric acid. 



l''i(;. 27.—Acid ('oncentralion Pans. 

On the large scale Gaillard towers arc now very widely used. They are 
built of volvic lava (see p. 227), which is a stone extremedy resistant towards hot 
concentrated acid. • 

^ Fig. 29 shows a section through the apparatus, 'i' is the (laillard concentration tower, built of 
rings of volvic lava cemented together with waterglass volvic lute. T!.c towers are about 
15 ni. high and do not contain packing. Down them is sprayed in a steady stream the 


^ They h.ive to be proVided with a long liji, as otherwise the low surface tension and high 
viscosity will cause the acid to creep down the side. 
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chamber acid to be concentrated; the falling spray meets an uprising current of hot fire gase& 
from the producer g, and is thereby highly heated and falls in a concentrated form, collecting 
at«the base t of the tower, whence it runs away through a special series of coolers. R is a 
‘‘recuperator” made out of acid-resisting brick, down which a stream of water or dilute acid 
is sprayed. This, however, does iu»t completely stop the mist of acul, and so a coke filter ii 
is necessary, which removes the last traces of the acid drops. The coke filter is filled with a 



Fig. 2S.—Haughtons’ Acid Concentration Plant. 


moderately finely granulated coke, and it is important to observe that it is only by ]'>assing the 
gas through such a “gas filler” that the mist of acid can be completely condensed. The gas is 
drawn right through the whole apjwralus by means of a fan placed at v. 

In Kessler’s apparatus the hijrhly heated products of combustion of 



producer-gas are made to pass under, over, and through the sulphuric acid on the 
principle of the counter-current. The apparatus is built mainly of volvic lava or 
acid-proof brick, “parts being made of fused silica or acid-resisting silicon-iron; the 
gas is drawn through by means of a suitable fan. It is convenient and efficient, 
but very expensive as regards first cost compared with a modern cascade plant, 
and is not more economical to run. It is fired with produc* or other gas. 
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All these evaporators have to be fitted with suitable coolers of fused silica or acid-resisting silicon- 
iron, etc., at the one end, and with some form of scrublier at the other. In some, the flue gases 
and the products of evaporation are kept separate ; in others, such as the Kessler and (jaillard, they 
Arc eo-minglcd or allowed !<» mix before or immediately after leaving the appliance. The 
scrubber has to be put up to arrest most of the SOj—and to some extent SUo if tlie acid he reduced 
in the process of evaporation. Strong sulphuric acid, when iHuled, loses sulphur trioxide owing to 
<lis.socmtion, which passes forward as a gas or as a mist of sultihurie acid. In tlie Kessler system 
there shoulil be a minimum of loss in this way, as all the products of combustion and evapoiaiion 
have to pass practically through the comparatively weak inlet acid. In actu.d practice, however, 
it is not fiiund that this difference is so great as might at first sight be expected. 

In (ireal Ihitain it is laid down by Act of J’arliamcnl that the exit gases from plants 
concentrating snlplmrie aeul shall not exceed gr. per cubic fool, aciilily counted as SO^j, hence 
the necessity ot providing a scrubber. This scrubber may be turned into a source of income. 
Hacked with .suitalilc ni.itenal, allowed to l)ccome liot, and fed with the .arid which condenses in 
it, the make up l>eing periodically removed, lairlv strong acid, up to 130" Tw., may be recovered 
with safety. 

A small amount fif acid is also concenlialed in plntiniim and glass stills ; it is, however, usually 
more profital)le lo bung u]) the concentiation, if lerpiircd above pt; per cent. JLSOj, by means 
<j 1 the addition of fuming contact acid, or even of SO.,, (*r to use contact acid diluleil to the point 
required. 

Sulphuric acid can he concentrated hy evaporation up to pS.3 per cent. lI.jSOj, 
and with this concentration it pos.scssc.s its highest boiling jioint of 338° C., and 
can he distilled without decomposition. 

Acid of higher concentration than this decomposes .s|)litting off SO.,, H.O, 
and O. The ordinary concentrated 60 ° lie. {lOy Tw.) acid of commerce contains 
about 93.5 per cent. ILSO^ (see Tabic, p. 250). 

At the present lane atulsot greater streniilh tlian j>er eeiii. ,ire iisu.rlly prepared by means 
cif lire ctinlarl pnn-e.'rs. 'I'hts is espeeially .sir <»( the loo per 1 ent. I l,.S(), non r,n lire market. 

I'Vrr aerds of 03 per renl. ]I._,SOj ( 60 " He.) and itndei. the ehamhei process, hoUK ns own, and 
indeed produces it as cheaply, if not more theajily, tlian liie eoiiLar 1 process. 

'I'hc transport of concentrated sulphuric acid of over 50" He', is effected in 
large wrought-iron cylindrical boilers, mounted on railway wheels, and carrying 
many tons of acid at a time. Smaller quantities, however, arc transjrortcd in 
glass carboys holding 50-70 litres. (See p. 251 lor precautions, etc.) 


Tower Systems of Producing Sulphuric Acid 

It will be recollected that on pp. 223, 22,, we mentioned that in the Glover tower 
(where the SO^ from the burners meets a descending stream of sulphuric acid 
containing dissolved o.'tides of nitrogen) the sul[)hur dioxide (SO.,) is very rapidly 
oxidised to sulphuric acid, the action being here at least ten times as intense as 
goes on in an equal volume of chamber space. 

Attempts have been made—and recently with success—to dispense entirely 
•with leaden chambers, the sulphuric acid being produced entirely in towers down 
which tiour sulphuric acid containing dissolved oxides of nitrogen (as in the 
Glover tower), and up which Jiass burner-gases containing SO„. So that here 
the sulphuric acid is produced, just as in the leaden chambers, hut with the 
dilTerence that the oxidation takes place, not in a gaseous state—as in the case of 
leaden chambers—but in liquids pouring down the tower, and consequently in a 
very much less volume. 

For example, six towers are erected, the first five of which act like Glover towers 
(see pp. 223, 224), being fed with a stream of .sulphuric acid containing dissolved 
oxides of nitrogen. These oxidiSe the SG„ to H^SO^, and eoncentrate and denitrate 
the sulphuric acid pouring down. 'I'he last tower acts as a Gay Lussac tower, 
and absorbs any oxides of nitrogen escaping from the preceding’live towers. A 
continual and energetic circulation of acids by pumping to the top of each tower 
is obviously necessary in this system, whch thus involves the expenditure of much 
mechanical work. * 
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The Griesheiin System is as followsThe burner-gases pass through a Glover tower whose 
function is similar to that in the chaml)er system, and then into towers fed with nitric acid of 
Be. A considerable excess of nitric aci<l is used, with the result that the oxidation is 
extrlmely rapid. 'J'he acid formed retains alKtut i per rent. UNO.,, and contains over 50 per 
cent, of JLSO4; the whole of it i.s passed down the Glover, where it is completely denitrated. 
The gases pass into a further series of towers serving to recover the nitric acid in a form in which 
it can be used in the oxidising towers. Tlie whole process depends upon the careful adjustment of 
temperature, and this again partly upon the density of the various acids feeding the towers. The 
mam advantages claimed are that wide variations in the composition of the Inirner-gas are per¬ 
missible, that stronger acid is priKluced tluin by the ch.ami)er prt»cess (this is very much open to 
<jucstion. ]. L. F.), and that the nitric acid is recovered as such. 

The Opl Process has <IeveIope(l on somewhat different lines, ft afipcars to have been fairly 
successliil, a number of insiallalions having been recently crectetl 111 Great Britain (over twenty) 
and on the Gmlinent. The jiroccss as now dcveloju-il is briefly as follows: In the first set of 
towers acid is produced and concentrated as in the Glover towci ; in the second set—each usually 
of iliree lowers—llie oxide'- of nitrogen are recovered b}’ strong sulphuric acid in the form of a 
Gay-Lussac acid. 'I'lie water is inl'-oduced into the tup of the first four lowers. The acid from the 
first three is pumped on to the next three, and \icc versa, .so that there are three sets of towers 
worlving together. All the acul jiroduced is finally run down the lower nearest the burners. 
The first tower produces aliout 20 per cent., the second 30 per cent., and the third 50 per cent. 
The .and is raised to the top of the lowers b) emubseurs worked by compicssed burner-gas. This 
inetborl of arid elevation is not likely to be mechanically efficient, and will jirobably be replaced 
by centrifugal jiumps. The process is therefore the principle of intermediate towers combined with 
I’cter.sen’s innei ring system of secondary (ilover and (jay-Lussacs working together, and the 
“intense” method of working chambers, wherein a very much greater concentration of nitric 
■nilrogeii is employed llian when woiking on the (pld system. The results of this happy c«>mbinaUon 
are a tremendous rtduclion in the amount of both ground space aiul actual volume required ; a 
considerable reduction in the original cost, and consequently of repairs, depreciation, and mterCvSt; 
a make of a( id of unifotm stlength of o\er 140' Tw. (this is possible wUli an ordinary cbamlier set); 
the ]K»ssihility of employing burner-gases «tf a widely varying content of SOot a low consumption of 
nitre ; a uniformly low aci(i-contenl of the ellluent gases, and easy supervision of both the plant and 
its w'orking. The chief tlisadvaiildges of the process me the cost of pumping the large volumes of 
acid (wliicli, now that mechamcaliy efficient and acul-rcsisling pumps are available, is quite small), 
and of gas against the resistance of tlie lower packing. In this system, as in most other tower 
systems, tlie whole of the acid is olitained m the most ini])ure form, that of Glover Acid (see 
p}i 23V 248); hut wall satisfactory appliances for removing dust, which are neither costly to erect 
nor diiTicult to .ise, the ainnunl of impurity may he remlered practically as small as desired. The 
system is heing widely iiistullcd. 

Th< wiitcrs consider that where acid of over 05 per tent. 1 L 8 () is not reiiuircd this process is 
the mi*st e'icieni ai present known, but tliey arc of opinion that further improvements and 
economies, Imth in the principle of the [iroccss and in the manner of carr)ing it out, arc not only 
likely in tlie nc.i* luluie, hut almost certain to be de\clo|)e(l (sec Duron patent). 

An nnproveincnt introduced by Petersen, which could be combined with the Opl system, is 
that of tlie use of a '■npiilcmcutnry tower fed witli acid of I2{>‘’ Tw., tbi.s lower immediately pre¬ 
ceding the fiisl (kay-lai-.sac. It has the important properly of absorlung and oxidising sulphur 
dioxide, and also of absorbing oxides of nitrogen. Any temporary dislocation of the )irocess will 
therefore have one 01 other of the following efiects: in the event of an excess of sulfihur dioxide 
coming foiward it will be absorlied so long as there is more than a ceitain nitre content in the 
acid ; at th - sa ne lime oxides of nitrogen arc Iibcr.ated from the acid and pass on to the Gay- 
Lussacs, where '.' ey are absorbed, luodming an acid of gtealer iiilrosity, this .acid being subse¬ 
quently nm down the (iloicr tower. This action does not continue indefinitely, of course, but 
sufficient ".aining should be given to those in charge of the plant to enable them to make the 
necessary adiusiments, without cither seriously disorganising the proce'-s or even wasting “nilro.” 

In the event of an excess of oxides of nitrogen coming forw.ird into the “regulator,” that 
•excess is simply ahs(.>ibed until the acid becomes saturale<i, producing a reserve for action should 
the variation turn about in tlie opposite direction. Where working with material variable in 
sulphur-content the icgiilator lower is of great value, paying for itself merely in the amount of acid 
made therein, the economy in nitre heing a clear saving. 

A third tower system has been recently introduced in France by Duron. It is more or less a 
combination of Opl and Kegulalor, and should probably be (juite cfticieiil. 


The Contact Process 

When a mixtiire of sulphur dioxide (SO,) and oxygen (either ordinary atmos¬ 
pheric or else pure) is passed over platinised asbestos, heated to dull redness, they 
i nite to form sulphur trioxide or sulphuric anhydride, thus 

2 S0a + 02 = 2SO,,. 
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Although this fact was observed by Davy nearly a century ago, and was developed technically 
by Winkler in 1875, also by Schroder, llanisch, and Grillo in 1887, nevertheless it was the 
Mdischen Anilin- und Sodafabrik, under the direction of R. Knicisch, who brought, in 1889*1890, 
the process to such a state of technical perfection that they succeeded in cc^iplctely transforming 
the waste SOg (coming from roast gases of various processes) into bO^, which they utilised to make 
fuming sulphuric acid for the manufacture of synthetic indigo. 

In order to start the combination of sulphur dioxide and oxygen the gases must 
be heated to about 300“ C., in the presence of platinum, when the action proceeds 
with the evolution of much heat, taking place in accordance with the law of mass 
action :— 

2SO0 + 0 .> 2S0-i{eas) + 45,200 calories. 


The conditions regulating the equilibrium are given by the formuhv 



. k. 


Here C(so > represents the concentration of the SO^, /.f., the number of gramme-molecules 
of SO.T in each litre, and C 2 (_so,) dimply the square of this number. The same applies to the 
figures C(so )* etc., which represent the concentrations of the SO. and Ojj, i.e.^ the 

number of gramme molecules of and pei Hire. 

k is the so-called “constant of equilibrium,’* a quantity which varies considerably with 
the temperature, being great at 400° but much less at higher temperatures. Owing to this fact it 
is possible at 400' C. to almost completely transform the SO. into SO,, in a single operation, 
provided excess of oxygen is present. Howcvei, at higher temperatures tlie liack action 
SO3 = SO.j + O increases und much SO. escapes transformation. 


Nature of Catalysts Employed to Promote the Union of SO; and O 

Although SO., and oxygen act almost imperceptibly slowly upon each other at 
400° C. in the absence of a catalyst, yet the presence of a catalyst (such as 
platinum, iron oxide, chromium oxide, copper oxide, oxides of manganese, 
NiS04, C0SO4, Vd.,05, brick, quartz, etc.) causes this almost imperceptibly slow 
action to take place quite rapidly. Of all these catalysts, platinum causes the 
action to become rapid at the lowest temperature, being best at qoo'-qso" C. 

With other contact substances a higher temperature than this is necessary 
(e.g., iron oxide is most active at 6oo'’-7oo' C.), which naturally leads to a diminished 
yield of SOj, owing to the increasing extent of the back action :— 

SOj-H- (). 

Quite a large range of contact substances have lieen proposed in addition to those mentioned ; 
they do not, however, seem to he employed to any great extent. They include oxides of 
tungsten, titanium, molylidenum, and thorium. Anhydrous magnesium sulphate impregnated with 
0.2 per cent, of platinum is said to be used in one small, hut apparently successful, installation. 
We may therefore divide the chief successful processes into three cla,sses—(l) those using platinum 
black in one form or another; (2) tho.se asing soluble platinum salts in suitable form; (3) those 
using iron oxide. 

How platinum and other catalysts act is not known. They apparently accelerate an action 
which takes place in their absence only very slowly indeed. The catalysts do not alter in the 
slightest the final equilibrium attainable by a given chemical action at a stated temperature; all 
that the catalyst achieves is to enormously speed up the proces.s, and so diminish the time necessary 
to establish the equilibrium peculiar to the temperature and concentration of the reacting 
components. 

Possibly the catalysts act by causing a condensation of the gases on or in their surfaces, and 
by thus bringing them clo.sely together cause the acceleration of the chemical action. Another 
theory is that “intermediate” compounds are formed. Although catalysis is usually defined as 
“ increasing of the velocity of a chemical reaction by the presence of a third body or bodies 
which do not appear to have undergone chemical change at the end of the interaction,” yet it seems 
likely that the catalysers do actuall/ play some chemical part; indeed this is known to be the 
fact in some well-known cases. The action of the oxides of nitrogen in the so-called “ chamber” 
process may be said to be catalytic, though we know that they do undergo some chemical change, 
the nature of which is imperfectly understood. 

Catalysers are very ea.sily upset, most easily by chemical impurities, which seem to be 
absorbed, and effectively inhibit the catalytic effect. The precise way in which these contact 
“ poisons ” work is not yet kscerlained. Minute traces of arsenic will effectually stop the catalytic 
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effect of platinum preparations—particularly in elemental form—and the elimination of all the 
impurities present, or which even became subsequently introduce, proved exceedingly laborious 
and costly to discover. 


Conditions for Technical Success 

One of the first conditions for success in causing the union of SO^ and O by 
the contact process is the steady maintenance of the most favourable tempera¬ 
ture, viz., 400°-450° C. (when platinum is used as the contact substance). 

As pointed out above, the union of SO._> and oxygen proceeds with the develop¬ 
ment of a considerable amount of heat (2S02 + 0 .j = 2808 + 45,200 calories). 
On the small scale this heat is so rapidly radiated that the temperature does not 
rise very high. However, on the large scale the radiation is much less, and the 
temperature tends to rise so much that part of the 80 ^ formed decomposes again 
into 80 , and O, thus:— 

SO. = so, + o. 

The heat, therefore, evolved in the reaction must be artificially dissipated— 
which is usually done by utilising it to heat the incoming cold mixture of SO, and 
oxygen (as will be seen immediately). 

Although a mixture of SO., and oxygen energetically react when first brought 
into contact with the platinum, causing the tatter to glow, nevertheless the reaction 
takes place more and more slowly as an increasing percentage of SO, is formed, 
and the final equilibrium (with almost complete transformation of the SO., into 
SO3) is only attained by allowing the reacting gases to remain in contact with 
each other for some considerable time. The higher the temperature the more 
rapidly is a state of equilibrium attained, but the more unfavourable is this final 
state of equilibrium for the yield of SO,, as the back action S03 = S 0 j + () 

’ increases rapidly with the temperature. 

This is cle.i! iv shown by ihe following experimonlal curves (Fig. 30) of Botienslcin and Pohl. The 
tnnperalnres aie abscissa*, and liie ordinates are the yields of SO, per 100 parts of SO., present in 
the gaseous mixtures. These yields, it must be recolleeted, are those maximum yields which can 
be oliiamed by allowing the action to go to complete equilibrium. To attain a slate of equilibrium 
may require some time. In fact, under 400° sucli a long time is required fur the reaction, 

2S0., -I o.,^:::^2so,i, 

to rome to its final stage of equdibi ium, that the process is unworkable practically at temperatures 
below 400'—and this although the action below 400' practically comes to final equilibrium with 
the complete conversion of the SO., into SO, in the sense of the equation : — 

2S0j -t- O, -.2SO,,. 

At temperature* higher than 400" equililuium is fairly rapidly attained, but here the back action 

so,->SO, -t- 0, 

becomes mere pronounced, so that all the SO., cannot be converted into SO,. In practice the initial 
temperature is maintained at 45o‘.5oo'' C., so that equilibrium is rapidly attained, and then, in 
order to cause the further complete conversion of the SO., into SO,, the temperature in the latter 
])arts of the contact apparatus is kept at 4CX)“-45o" C. By such means the Badisclie Anilin- u. 
Sodafabrik have lieen able to obtain a yield of SO, of over 98 per cent, of the theoretically possible. 
In the curves the liehaviour in the platinum contact apparatus of lour different gaseous mixtures 
are shown lictween the limits of 400’.900'' C. Curve (i) shows the results of a mixture of gases 
such as arc obtained from a normal roa.*ting furnace containing 7 per cent, by volume of SO.,, 
to per cent, by volume of O, and 83 per cent, by volume of N ; once equilibrium bas been 
attained it was found that at 400“ C. 99.3 per cent., and at 500” C. 93.4 per cent, of the SO, 
is converted into SO.,. A much worse yield of HO., is obtained when the oxygen and SO, are 
mixed together in the exact proportions required by the equation 2SO,-t-0, = 2SO, (r>., 2 vols. 
ol SO., to I vol. of O,). Curve (2) shows this, which was obtained from a gaseous mixture of 
33.3 per cent. O and 66.7 per cent. SO, t here at 400' C. only 98.1 per cent, of the SO, is con¬ 
verted into SO,, and at 5130’ C. the yield is barely 91.3 per cent. A much better yield is obtained 
by having excess of oxygen (see cuivc 3) of air. Dilution of the burner-gas wiili excess of air 
i, especially favourable, because U enables the action to be carried on at a higher temperature, and 
so more rapidly. * 

VOL. I.—16 
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All these four curves show that at 400° a nearly too per cent, yield of SO3 
theless, it is impossible to utilise a temperature below 400 technically, because the action completes 
itself too slowly. 

Badisebe Anilin- und Sodafabrik Process (Knietsch-Herreshoff 
Process).— Fig. 31 shows the platinum contact apparatus of the Badischen Anilin- 
und Sodafabrik, as reproduced from the German Patent, 113,932 of j 89^ Here the 
initial temperature of the reacting mixture is kept at 450 -500 m order that the 
action may complete itself as rapidly as possible; then the temperature is 
reduced to 4oo“-45o" in order that the complete transformation of the bOa mto 



SO. should be attained. The regulating of the temperatures is attained by leading 
in only moderately hot gases from the roasting furnaces, so that the heat of the 
reaction is utilised by heating these cold entering gases, while the cold gases 
themselves chill the reacting mass, and prevent the temperature rising too highly. 

In fact, the principle of the heat-interchanger is here employed. 

The apparatus consists of a large iron cylinder about 3 m. in diameter, down which pass 
four smaller “ contact ” tubes, in which platinised asbestos (containing 10 per cent. I’t) is lacked on 
acid.proof plates of earthenware, which are pierced with numerous holes. The platini^d Mbestos 
is racked loosely lietween the successive plates, so that the gases can pass through the tube 

without encountering a great resistance, ... , j 

The separating plates in the tube are held in their position by means of a central rod passing 
down threugh the centre of the tubes. It has been found that platinised iron oxide (derived from 
the burning of pyrites), iji pieces the size of a pea, work somewhat mote efficiently than platinised 
asbestos, the contact tubes being filled with the mixture in loose layers. 
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The very carefully purified preheated fjases from the roasting furnaces are driven by a pump, 
from G through the valve v, and enter at the Iwttom of the wide cylinder at A. Then the gases 
pasr. upwards around the outside of the four contact tubes (thus abstracting from them their excess 
of heat, and at the same time the uprising gases are thereby heated to the proj>er temperature for 
reacting). At D the gases, now heated to the right temperature, }>ass into the contact cylinders, 
streaming dpwn them. As the gases jiasK downwards over the platinised asbestos the union of 
the SOo and the oxygen takes place, the lem])erature licing highest at the top of the tubes (lieing 
maintained at 45o“-500®) and lowest at the bottom (40o"'45o“), these temperature conditions being 
necessary to attain a ijuantitative yield of S().>, as above explained. In order to maintain these 
favourable temperatures the colder roast gases can he allowed to enter at or so as to chill the 
upper part of the tubes if they lend to become too hot. Also cold air can be passed up outside the 
large iron cylinder to cool this somewhat if the temjierature rises too high. Sometimes the lower 
jiari of the lube cools to loo low a temperature for most favourable action. To obviate this 
healing tubes are arranged at hh. 

The downslreaming gases, charged with SO^, escape from the contact tubes into the lower 
space K. 



I'u:. 31.—Kadische Anilin* u. Sodafabrik Contact 
Process for Sulphur Tnoxide. 


The absorption of the SO3 formed is eflected by passing the gas into strong 
sulphuric acid, which in turn may be diluted successively with weaker and 
weaker acid, until finally only water is used. Continuous counter-current water- 
cooled absorbers are usually employed to produce fuming acid of any required 
degree of strength (see pp. 245, 246). 

One condition absolutely essential for success is the very careful purification 
of the entering gases from the roasting furnaces. 

Otherwise the catalytic platinum becomes “ poisoned ” (see p. 240), and refuses 
to work. • 

The extreme degree of purification of the gases necessary in this process is one of its chief 
disadvantages. Thus die Badische Anilin- und Sodafabrik find that not only must all flue dust be 
removed from the entering gas, but also all vaporous impurities, all compounds of arsenic, iron, 
bismuth, antimony, sulphur, selenium, mercury, phosphorus, silicon tetrafluoride, SiF4 (which arises 
out of the use of zinc blende), must be most carefully eliminated if the plAtinuin catalyst is to be 
kept efiective for any length of time. The presence of even traces of arsenic acts most injuriously 
•on the platinum. 
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The gases are therefore purified by a thorough scrubbing in leaden troughs 
(iron troughs would only cause the evolution of further impure gases). Sometimes 
the gas is filtered dry tlirough a fine granular layer of coke, clay, blast-furnace 
slag, or similar material. Arsenic is completely eliminated by passing through 
unburnt clay at about 350° C. 

The burner-gas in tliese purifying processes naturally becomes too cold for 
direct use, and hence it is necessary to preheat the gas before it enters the contact 
apparatus, by designing the apparatus as a counter-current heat-interchanger. 

The Ba(H^cllC are said to olHain a conversion by their latest ini])rovemenls, accordin'; to this 
method, of over 98 per cent., and the annual oulimt of sulphuric anhydride by the Badischo them¬ 
selves, and hy other firms working their process under licence, amounts to over 200,000 tons. 

The chief impiovemenls introtluced in the United Stales of America by HerrcsIioH are said 
to be a material reduction of the back pressure, elimination of liquid seals, and discardance of the 
counler-currenl heat-inlerchanger principle foi the contact elenient, resulting in hiicr adjuslineiU 
of the necessary temperature. 

There seems no iloubt tlial tlie fundamental patents are owned by liu* Bailisclie Anilin- und 
Sodafabrik, who have bioughl numerous lawsuits against alleged Infiingcrs. 


Use of Iron Oxide as Contact Substance 

The Mannheim Process. —Iron oxide (I’'e03) contact substance used 
in an important process owned by the Vereins chemischen Kabrikcn, Mannheim. 
The details are set out in the Gern.an Patent, 107,995 of 1898 (Hasenbach and 
Clemm). See also Wilke,yifurn. Soc. Chem. hid., 1905. Iron oxide only becomes 
effective between 600^-700*' the most active variety being a freshly prepared 
sort obtained by heating ferrous sulphate. It follows, therefore, that by its means 
it is quite impossible to com[)letely transform the SO., into SO^. 

A reference to the curves shown on p. 242 will show that theoretically at (kx)’ only 73.3 per 
cert, of the SO.^ can be converted into .SO., if we u«i(“ ordinary burner-gas coniaimng about 7 per 
cent. SO2. Curve 4 shows, how'cvcr, that on diluting the gas considerably witli an it may be 
possible to get 80.5 per cent, of the SO» transformed into SO.. 

It is, therefore, necessary to employ two separate contacts: (i) An iron Oxide 
contact element in wdiich about 66.6 per cent, of the SO.3 is transformed into 
SOj{; (2) the lesidual gas coming out of the first < ontart U then passed into a 
platinum contact, which transforms the rest into SO^. 

'I'he great advantage of the process is that the burner-gases coming from the 
roasting furnaces or pyrites kilns do not need any careful purification, because 
arsenic does not affect the catalytic action of the iron oxide. 

l‘‘ig. 32 shows a diagram of the whole process. a- are the two pyrites burner-,, closed air¬ 
tight in front. They arc only opened when it is necessary to throw in fresh ]>\ rites, winch is done 
through Tiie pyrites must hi* quite dry. The au required for burning the pyrites is carefully 
dried (by 1I.^S(>^ or SO;,) in the drying tower e, and enters at J' /“ under the bar-, of the pyrites 
burners. The burner-gases then pass tjuite unpurifieJ directly into the first contact spacer, which 
is a lower filled with freshly burnt pyrites, t.e., iron oxide. The undermost layers of this mass 
act as an effective gas filter, absuibing all the flue dust, and also chemically uniting with any 
volatilised arsenic oxide forming an iron arsenite. I’he topmost layers, which are kept at a 
temperature of 6cX)“-700^ (by the v.aste beat of the furnace gas), convert about 66 per cent, of the 
SOo into SO^. 

If the temperature falls below 600”, SO., is lost as it unite-, witli the iron oxide to form ferrous 
sulphate (KeSOj). 

The lowermost layers of iron oxide, which gradually become non-effective, arc removed from 
time to time from lielovv, while tl^c loss is made up by adding freshly burnt pyrites alK>ve. The 
gases, rich in Stk,, now pass away through //, being cooled, and the SO3 tliorouglily removed by 
condensation (sec below). Since SU, amj II.JSO4 mist injuriously atlects a platinum contact 
arrangement, the residual gas, after removal of the SO.,, is then filter^Kl through a layer of 
granulated slag, and then yiasses directly into the platinum contact element, which consists of a mat 
of platinised asbestos. This converts the rest of the SO^ into SO.,, no overheating of the apparatus; 
being here po.ssible, as the percentage of SO,, in the ga^ is low, and so the action is not vigorous 
enough to need elaborate cooling arrangements. The issuing gas is once more cooled, and the 
SOj ab.soibed in a second series of condensers. 
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There arc some thirty-five units on this system in the United States of America, 
but it has not been so widely adopted on the Continent of Europe. 

The process does not require complicated or delicate pieces of apparatus, a 
staff of highly-trained and specialist chemists, nor any special apparatus for the 
purification of the roast gases, as this is done in the furnace itself. It may be 
combined with a chamber or tower process. The amount of fuel consumed and 
motive power required is, so it is stated, smaller than that of any other known process, 
and the plant can be built up gradually on account of the units being small 
and being easily arranged in groups. The cost of repairs is stated to be very 
low. 

Other Processes 

The Schroeder-Grillo is the most suercssful of those processes employing contact masses of 
soluble platinum salts. In this process the principal salt emjiloyed is the sulphate. The chief 
advantages claimed for tliis method are; (l) The tontacl mass is easily regenerated, hence the 
kiln g.ases do not have to he purified as perfectly as if working with platinised insoluble vehicles; 
{2) the calcined crusts are very porous, so tli.U the contact mass made from them offers much less 



resislancc to the gases jiassing ihrougli them than the tightly packed asbestos formerly used; (3) 
the catalytic . elion of tlie eont.ict mass made from soluble sails is far superior to that of platinised 
insoluble carra rs, and the contents of platinum in the contact nutss, which were from 8-10 per 
cent, of ih( weight of the asbestos m the old Schroedcr plates, have l»cen decreased to 0.1 per cent, 
without rcdiic.ng the etticiency of the contact material. 'J'his process is \ery popular in the 
TJnitcil States of AmiTica, where there must be n«)W 25*30 plants at work. The Kilietsch* 
Herreshoff, however, seems to l>e generally considered to l>e superior. 

The Freiburg Process uses platinised porcelain, an<l purifies the furnace gases by filtration 
through wood wool. Externally lieated wide hon/.onta! contact elements are used. 

Rabe's Process. Tentelew and Eschelmann’s Process, and the Hdchst Process, as 
worked out by Dr Krause, all use platinum, the last process employing in addition other catalysts, 
the nature of which lias not la-en published. 


Arrangements for Cooling and Condensing the Sulphur Trioxide 

The gases leaving the contact apparatus, charged with SO3, are always very 
hot, and must therefore be cooled before the SO3 can be absorbed. 

The cooling arrangements consist of a series of vertical tubes immersed 
in water. The hot gas passing through the tubes is soon cooled to a suitable 
temperature. The absorption of the SOg is carried out in tall towers, down 
which a slow current of concentrated sulphuric acid trickles. Sulphuric acid 
containing 97-99 per cent. HgSO, is the most effective liquid for absorbing the 





246 INDUSTRIAL CHEMISTRY 

SOj. A more dilute acid, or water, causes the SO, to form a mist of sulphuric 
acid, which is very difficult to completely absorb. Pumps are used to force the 
gases from the pyrites towers through the contact apparatus and thence through 
the cooling and absorbing apparatus. The complete plant is built of wrought iron, 
and occu[iies far less space than the enormous chambers of the lead chamber 
process. 

The alisorption of SO. is somewhat complicated by its properties (see p. 247). SO:- melts at 
4 17.7 (polyniejisinf!; at -i 40''('.), and boils at 44.88“ C. It is, therefore, very volatile. It possesses 
a great chemical .utractum for water, dissolving in it with the evolution of great lieat—which 
naturally makes its absorption by pure water .somewhat difficult. Now with sulphuric acid it unites 
to form a scries of hyduies, having widely var)dng melting points (see p. 247). Thus a mixture 
of II.,S(containing 42 ])er cent, of SO., dissolved therein, melts al 35“—nmimum melting point. 
Sulphuric acid containing 17 per cent. SO,, and 60 per cent. S( 3 ;, have the lowest melting 
points, the one melting at - 12“ and the other at o” C., as indicated in the curve (Fig. 33). 

The absorption of the SO-t is carried out systematically in three towers, (i), (2), 
and (3). 'Power (3)—the last of the series—is fed with 96-98 per cent. H.,S()^, 
and produces a fuming sulphuric acid containing 5 per cent. SO3. This acid is 
pumped through tower (2) and then through tower (i)) leaving this first tower 
with 20-25 ^^3- 

Another nietluxl of procedure is this: Tlie first of the three towers is fdled with 9S per cent. 
IL,,S04, and into the lop of this cylinder the SO, containing gas, previously cooled, is led through 
a l.>eU with tooth edges immersed some 20 cm. under the surface of the ]1.,.S()4. The acid is thus 
charged to about 25 per cent. SO.t, and flows away from this cylinder (1) into a second cylinder 
(2) where it meets the gasc.s coming from c\Under (i) and is therein enriched to 60 per cent. SO,. 
The waste gases now emerging from cylinder (2j pass *m into cylinder (3), and licrc enricli an 
ordinary 60 per cent. II0SO4 9^ P*-*’ cent. H:jS 04, this last liquid being once more returned to 
cylinder (l) for fresh use. 

Production of Anhydrous SO;, and Fuming Acids.— Both the most 
concentrated acid as well as the pure anhydrous SO^ can be obtained by distilling 
these fuming acids from retorts. However, the demand for pure SO., is very small; 
what is most used is a fuming sulphuric acid containing cither 20 per cent. SO., or 
60 per Cent. SO., respectively. 

TOO per cent. H.,SO, (non-fuming) is now usually produced by diluting the 
stronger fuming acids with weaker acids, or with water. 

Advantages of the Contact Process.— One great advantage of all acid 
produced by the contact jrroecss is that it is very pure, being arsenic-free owing 
to its method of production. Usually, however, it is coloured somewhat darkly 
owing to the presence of organic, matter and iron. It may, however, be rendered 
water-clear by treating with a little barium peroxide (BaO.^) or lead peroxide (I’bO.j), 
followed by filtration through sand. 

The contact process is undoubtedly the cheapest process for producing very con¬ 
centrated suliihuric .acid, acid of over 66° Be., also fuming acid. Consequently 

there is no doubt that this process will control the market for the manufacture 
of the very concentrated acids required in the oil, colour, and explosives industries. 
Possibly also for export or transport over great distances, where carriage is expensive. 

However, the chamber process still controls the market for the supply of weaker 
acids, e.g., as acids of 60° Be. and below, such as are used in the manufacture 
of superyihosphates, ammonium sulphate, sodium sulphate (salt cake), aluminium 
sulphate, etc. Indeed, the development of the contact yirocess, by its competitive 
effect on the chamber process, has caused great improvements and economies to 
be made in the latter process, and it is now holding its own. 

One great advantage of the ronSict process is the fact lliat it can he used for the complete 
utilisation of the SOo evolved in ore-roasting processes, even when the amount of SO.j in the 
e.scaping gases is extremelv small, so small that the lead chanihei )>rocess cannot be used Tor con¬ 
verting Uiis S< 1.^ into sulpljuric acid. 

The comact process has, therefore, a held of activity into which the ch.imher process cannot 
penetrate. 

Costs of Manufacturer—The question of whether or no it is likely to he profitahle to start the 
productit.n ol .ulphuric arid depends upon many considerations, which belong at least as much to 
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the domain of the economist as to that of the chemical engineer, whom, however, it is always 
advisable to consult. The type of plant which should he erected depends partly upon the raw 
rpaterials available, and largely upon the kind of acid the demand for which it is intended to meet, 
l or the manufacture of superphosphate and .sulphate of ammonia some modification of the tower 
or chamlwr proce.ss will probably long continue to hold the field ; for the refining of oils one 
cannot make a definite pronouncement, since it depends upon circumstances, but where the main 
demand is'for acid of over 95 per cent. ILSOj a contact process is almost invariably the cheaper, 
certainly if acid of over 98 per cent, is requited. 

In well-conducted works on the large scale there should lie a net profit to the manufacturer 
of some 15s. per net ton of tower acid, and more than double this on C.O. V. (concentrated oil of 
vitriol), or contact acid, and this in spite of fairly keen competition. In isolated places, where the 
cost and difficulty of carri.age are considerable, these profits may be greatly increased. 

The cost of a sulphuric acid plant is very great, owing chiefly to the large amount of lead on 
the one band or the high cost of platinum on the other. A plant for the production of 20 tons 
of II..SO4 per twenty-four hours would cost at least /^io,ooo, exclusive of land or engineers’ fees. 

Properties of Sulphuric Anhydride or Sulphur Trioxide (SO3).— 
Sulphur trioxidc is a White crystalline solid, existing in two modifications: the 
a-form, sSO,, melts at 14-8", boils at 44-88', and at temperatures below 
25“ gradually polymerises in the /i-form (SO3).,, which volatilises without 
fusion at 40” C., and is reconverted into the u-form by distillation. The specific 
gravity of a-form is 1.944 at 11°, and of jS-form it is 1.97 at 20° C. Dry SOj is not 
corrosive, and shows no acid reaction. On heating to redness it decomposes to 



N, SO, SOj 

I'll.. 33. Mixtures of HjSO^ and SO, (after Knietsch). 


SO„ and O, a temperature of 1,300° being necessary for complete decomposition. 
Very hygroscopic; combines with water with explosive violence to form sulphuric 
acid, evolving much heat in so doing. SO3 chars organic substances like 

sulphuric acid. /s ti 

SO3 unites with water to form a series of products represented by m.bOj.n.HjjO. 
Of these the substances pyrosulphuric acid, 2SO3.H.P (a solid, M.P. 35° C.), 
ordinary sulphuric acid, .SOj.H.O (a liquid, M.P. 10.5° C.), dihydrated 
sulphuric acid, SO3.2H0O (crystals, M.P. 8" C.), and trihydratcd sulphuric 
acid, SO3.3H.P, are stated to exist. 

'Phe following curve (after Knietsch) shows the behaviour of mixtures of SO3 
and water, the points of maximum and minimum melting points probably 
corresponding with definite compounds. 

It will be seen that a nii.xture of H.,S04 and SO3 of the composition 42 per 
cent. .SO3 (/.<■., 100 parts of mixture contain 42 parts of SO3 and 58 of HjSO,), 
corresponding to H,,S04.S03. has the highest IVS.P. of -1-35” Cl, while mixtures 
containing 17 per cent. SO3 and 60 per cent. SO3 have the lowest melting points, 
viz., 12° C. and 0° C. ‘ , u • 

t'onsequently the liquids on the market under the name “ sulphunc acid 
may be represented by the general formula m.SOj-nH.iO, where m and n are whole 
numbers. On this basis sulphuric acids may be classified, technically, into two 
classes:— 
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1. Non-fuming sulphuric acids, ordinary sulphuric acid, 

m.SOj.nHoO, where m<n. 

2. Fuming sulphuric acids, mSOj.nH^O, where m>n. 

We will consider each in turn. 

(i) The Non Fuming or Ordinary Sulphuric Acids, m-SOj-iiHgO, 
where ni<n.—Ordinary concentrated sulphuric acid, H.,S0^(S03.H,0,m =*n), 
usually called “ Oil of Vitriol ” (short O.V.), appears on the market in a variety 
of forms, the chief of which are as follows; Brown Oil of Vitriol, a concentrated 
acid, usually a tower acid, or a badly concentrated chamber acid; as civilisation 
progresses this variety will doubtless tend to become more rare; it used to be 
known in commerce as B.O.V Another variety of concentrated acid is C.O-V. 
This should have a specific gravity of i68"-i6g" Tw., and was formerly slightly 
discoloured and often not quite clear. It contains 03-95 per cent. HoSO^. Much 
of the acid which is now .sold as D.O.V. (distilled oil of vitriol) is" merely con¬ 
centrated acid, concentrated in modern plant under proper conditions, and some¬ 
times brought up to strength by the addition of a small quantity of SOj or fuming 
acid, if the factory happens to possess a contact plant. Other tiualities of acid 
are tower acid from the Glover tower, usually slightly brown in colour and 
J40‘'-I45“ Tw., and chamber acid, which may vary from ioo”-i2o’ Tw. Only 
the chamber acid should contain oxides of nitrogen in combination or solution. 
The Glover acid is the most impure (see pp. 235, 239). 

The following tabic gives the properties of these commercial varieties of ordinary 
sulphuric acid at a glance :— 


Chamber acid 
Glover tower acid ■ 
C.O.V. (Cone. Oil Vit. 
ticrnian, “66'’acid’') 


I)cprwe«, 'I'w. 

1 Degiees Hc 

lOS U> 122 

' 50 .^5 

2.53 - *50 

58 „ 62 

107 



SiK-i.ifii l.iavil, l‘trcfin.'iBe H 2 SO,. 

1.531111.01 62 Id 70 

I.O7 ,, 1.76 75 ,, S2 

I.S’3 ., 1.S4 93 „ 97 


The monohydrate (/.<■., HoSO,) begins to boil at a temperature of 290°, which 
rises to 338”, though the actual strength of the arid falls through the evolution of 
SOj. Sulphuric acid of lower strengths is sometimes used for high temperature 
liquid baths. 

The following .arc some approxmialc hulling points, loir the strengili of the acid represented hy 
these degrees sec table, p. 249. 


Approximate Boiling Points 


Acid. 

F*. 

sc/ Jk- 

- 291 

60“ ,, 

37 ti 

6i‘ „ 

- 388 

62* 

403 


Acid. 

1 

63“ ]><• 

423 

64" ,, 

44 h 

65' 4 , 

47 5 

6 (/ ,, 

522 


The strong acid evolves considerable heat when mixed with water—so much 
so that it should only be added slowly with continued stirring to the water, and 
never coritrariwise. Water or its elements are absorbed with such avidity by the 
strong acid, that wood, cotton wool, and other substances of like character are 
at once charred by contact with it. 

Sulphuric acid itself is quite colourless and odourles.s. It has a strongly acid 
taste, and is unpleasant or fatal if taken internally, according to the strength and 
quantity absorbed. 


The hesi sniidutc is cojr.iis dravglits of rulil wiitci, tugctluT willi anv snil.-dilc- .alkali, .soda 
water, washing soilii, lime, chalk, .imnionia, reiliiig or wall plaster suspended in water. 
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The strong acid does not corrode iron to any considerable extent; however, it 
r;Cts upon lead in a far greater degree than when dilute. 

Kcrenlly acid rcMsting ircms have been placed on the market, wliich are remarkably resistant 
to eorrosant by sulphuric acid. These are known as ironac, tantiron, duriron, and by other names 
on the Continent of Europe. They vary considerably in quality. They arc all high silicon irons, 
and are intensely hard and .somewhat mote brittle than cast iron (see p. 236). 

The action of sulphuric acid upon other metals is briefly as follow.s. 

Cold dilute sulphuric acid has little action upon the heavy metals; zme, iron, .aluminium and 
most of the light metals are easily dissolved. Stronger arid attacks copper, mercury, and^many 
other metals when heated, with evolution of SO... Uad is attacked by acid of about 140 Tw., 
•and should not be used for the slorage of acid of that gravity or over ; however, iron is not 
appreciably acted upon by acid stronger than 140° Tw., and cast iron is but litt e affected except by 
rhe dilute acid ; nlloys of iron and silicf»n, including cast sdicon it'sclf, are even less corroded. 

Sulphuric acid, when heated, evolves SO3 as a suffocating gas, forming dense 
fumes in moist air owing to the absorption of water vapour. At a still higher 
temperature it decomposes into a mixture of SO._,, SO3, oxygen, and HoO. 

Sulphuric arid expands but little upon heating; nevertheless, it is necessary 
to apply a small correction for temperature when determining acid-contcnt by 
density. This correction varies between 0.0006 for acids up to 1.17°, to 0.0010 
for acids up to a specific gravity of 1.840 per degree Centigrade. , 1 • 

The following table gives the specific gravity of ordinary non-fuming sulphuric 
acid (O.V. stands for “ Oil of Vitriol ” of 66 lie., or 167 Tw., containing 93.5 per 
cent. n..SO^):- 

Srr.ciFir (Irwitv of Non Fumino Sri.PHURic Acid 



JieCietb ! '^ptdifjc 
HaiimC f ii.'vitk. 


WcikIiI of 
j Cub. Ft. Ill 
I'outid'- 


I'tr ( t ni. 
O.V. 


i o 1.000 62,37 0.00 

j 1 1.1x17 62.Si I.oo 

' 2 1.014 : 6;.24 2.50 

' 3 1.021 I (i3.hS 3.00 

! 4 1.028 i I14.12 ,3 00 

' 3 1.03(1 I 64.62 6.(W 


h 1.043 i 65.03 7.00 

7 C05I 65.55 8.00 

S 1.058 6.5.90 9-00 

1 9 1.066 66.49 10.25 

I 10 1.074 . 66.99 "-SO 


11 1.082 67.48 12.50 

12 1.090 67.98 13.60 

13 I.09S 68.48 14.70 

M 1.107 69,04 16.00 

15 1.115 6(>.54 17-00 

16 1.124 70.10 18,25 

17 1.153 70.67 19.60 

18 1.142 7'-a3 2100 

19 1.151 71.79 22.00 

20 1.160 72.35 23.25 

21 1.169 72.91 24.50 

22 1.179 73-53 2600 

23 1.188 74-10 2725 

24 1.198 74.72 28.50 

25 1.20S 75.34 30.00 

26 1.218 75.07 31.2,5 

27 1.229 76.65 32.75 

28 1.239 77-28 34-00 

29 1.250 77.96 35. ,50 

30 1.261 78.65 37-00 


Poiind« 0 

Decrees 

Per ('em. 

Ill 1 Cub !• t. 

■J w. 

H2SO4. 

0.00 

0 

0.000 

0 () > 

It 

0.935 

1 - 5 ^ 

3 i 

2.3.37 

2- 3 d 

4 1 

3.422 

3.21 

5 i 

4.675 

3.88 

7 

5.610 

4-55 

Si 

6.545 

.5.24 

JO 

7.480 

5-94 

Hi 

8.415 

6.82 

13 

9.584 

7.70 

15 

10.752 

8.44 

16J 

11.687 

9.25 

18 

12.716 

10.07 

i 9 i 

13.744 

11.05 

214 

14.960 

11.82 

23 

15.895 

12.79 

2.5 

17.064 

1.3.85 

264 

18.326 

14.96 

284 

19-635 

1,5.79 

30 

20.570 

16.82 

32 

21.739 

17.86 

34 

22.907 

19.12 

36 

24.310 

20.19 

.374 

25.479 

» 1..30 

394 

26.647 

22.60 

414 

2S.050 

2374 

43 i 

29.219 

2S.10 

46 

30.621 

20.28 

48 

31.790 

27.68 

4 .50 

.33.192 

29.10 

52 

34 595 
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Specific Gravity of Non-Fuming Sulphuric Acid —continued. 


Degrers 

Baum^. 

Specific 1 

(iravity. 1 

Wright of 

I Cub. Ft. in 
]*ound2>. 

Per Cent. 
O.V. 

Pounds 0 .V 5 I 
III 1 Cub. Ft. j 

Degiees 

Tw. 

1 

Per Cent. I 
H2SO4. ! 

1 


..72 1 

79-33 

38-37 

30.44 

54 i 

35-876 i 

32 

I.2S3 , 

So. 02 

39-7.5 

31.81 

561, 

37.166 

33 

1.295 I 

80.77 

41.25 

33-32 

59 

.38-569 

34 

1.306 ! 

81.46 

42.62 

34-72 

Cl 

39-S50 

3.1 

1.31S 

82.20 

44.00 

36-17 


41.140 

36 

1.330 

82.95 

45.50 

, 37-74 

66 

42.542 

37 

1-342 

83-70 

47.00 

. 39-34 

68J 

43-945 

38 

1-355 

84.51 

48,50 

40.99 

71 

45 -.147 

39 

1.3t)S 

8.5-32 

50.00 

42.66 

73 -> 

46.7.50 

40 

1.381 

86.13 

5 i -,50 

44-36 

76 

48.152 

4 ' 

1-304 

, 86.94 

53-00 

46.1x8 

79 

49-555 

42 

1.40S 

87.82 

54-50 

47-86 

81J 

50.957 

43 

1.421 

88,63 

56,00 

49-63 

84 

52.360 

44 

1.435 

89.56 

57 -,50 

51.50 

87 

.53-762 

45 

1.4,50 

90.44 

59.00 

53 -.ih 

90 

55-165 

46 

1.465 

91.37 

60.50 

55-28 

93 

56. .567 ' 

47 

1-479 

92.25 

62.00 

57-50 

96 

57-970 ! 

48 

t -495 

93.24 

63.50 

59.21 

99 

.59.372 i 

49 

1.510 

94.18 

65.00 

61.22 

102 

60.775 1 

SO 

1.526 

95.18 

66.50 

63.29 

105 

62.177 j 

5 ‘ 

I-.542 

96.17 

68.00 

65.40 

loSJ 

63.580 

52 

■-.559 

97.23 

69.70 

67.77 

112 

05.169 

53 

i -,576 

98.30 

71-30 

• 70.09 

115 

66.665 

54 

1-593 

99.36 

73 00 

; 72-53 

118J 

68.255 

55 

1.611 

100.48 

74.60 

! 74-06 

122 

69.751 

56 

1.62q 

101.60 

76.20 

i 77-42 

120 

71-247 

57 

1.648 

102.79 

77-87 

80.04 

1294 

72.808 

58 

i 1.666 

103.91 

79.50 

' S2.61 

13.5 

74-332 

59 

i 1.686 

105.16 

81.30 

85-.50 

'37 

76.015 

60 

. 1.706 

106.40 

83.00 

8S.31 

141 

77 605 

61 

! 1-726 

107.65 

85.(Xi 

91.50 

145 

79-475 

62 

! 1.747 

108.96 

87.00 

1 94.S0 

1494 

81.345 

63 

1.76S 

110.27 

89.00 

! 98-14 

'534 

83-215 

64 

! 1.790 

111.64 

{ 91.62 

102.29 

158 

85.665 

644 

1 i.Soi 

112.33 

i 93-12 

i 104. Co 

ifioj 

87.067 

64} 

i 1-897 

112.70 

94.00 

; 105.94 

1614 

87,890 

65 

i 1.812 

113.01 

i 94-70 

I 107.02 

1624 

88.544 

65 i 

1.818 

"3.39 

1 95.66 

i 108.47 

163'. 

89.442 

654 

: 1.824 

113-76 

90.80 

1 110.12 

164 i‘ 

90.508 

6 , 5 ? 

1-830 

H4.14 

98 33 

112.23 

166 

91-939 

66 

1 1.835 

114-45 

100.00 

114.45 

167 

93-500 


Impurities in Non-Fuming Sulphuric Acids.—-The chief impurities in llic acid arc arsenic, 
soda, iron, aluminium, and lead. Of these only the .arsenic is of great consequence, as when used 
for the inversion of cane-sugar, or in the manufactitie of other food-sluffs, it must obviously not 
contain an appreciable iim|iorlion of arsenic, and its presence in sulphuric acid is objected to. The 
actual maximum quantity a'linissible,,according to llchner, is one part of As,Oo in 200,000 of 
H.,S()4. .Suliihuric acid, except that made by the platimiin contact proces.ses, is seldom, if ever, 
free from arsenic, that clement being one of the most widely distributed in nature. The usual 
method of detection and estimation consists in the reduclion of the arsenic—usually present as 
arsenious or arsenic acid—to arseniuretted hyilrogeit, and the decomposition of this compound by 
heat, with the deposition of the clement upon the heated glass tube (Marsh test). Iron may he 
easily estimated hv reduct^n and titration with jiermanganate. Lead, if in solution, is best 
estimated bv dilution with an equal volume of water and two volumes of alcohol. The lead 
.sulphate is p'recipitated, and may he collected, w.ashed, ignited, and weighed in the ordinary way. 






SULPHURIC ACID 


251 


It may happen that sulphuric acid—if drawn from the last charaher of a set—will contain a 
fairly large amount of oxides of nitrogen. These may be readily estimated by the nitrometer. On 
Oe contrary, it may happen that .SO.j is present in solution, in which case it is hardly possible for 
an appreciable amount of oxides of nitrogen to be also present, 'i’he SO., may be conveniently 
determined by standard iodine solution. 

Chamber acid should only contain minute amounts of SOa or oxddes of nitrogen. 

Fuming Sulphuric Acids, m.SO;,.nSOs, where m>n.—These acids—known 
in Germany as “oleum”—appear on the market in all strengths, of which the 
commonest is 45 per cent. SO.j. 'i'his means that it contains 55 parts of 112804 
and 45 of SO^. 'I'he acids from 0-40 per cent, and from 60-70 per cent. SO, are 
oily liquids, but from 40-60 per cent, and from 70 per cent, upwards are solids 
in the form of colourless needles (see curve on p. 247). It can only be handled 
with difficulty, owing to its hygroscopic character. The acids up to 45 per cent, 
may be melted with a gentle heat (30' The sample is then carefully diluted— 
after measurement—in two stages if necessary, first with monohydrate and then 
into water, and tested in the same way as with the other sulphuric acids. It is 
usually packed in air-tight wrought-iron drums, upon which this strength of acid 
has practically no action. 


Specific Gravities of Fuming Sui.phuric Acid at 35“ C- 
(Knietsch. Her., 1901, 4101.) 


I'VtT SC), . 
Her CViu. 

SiH-Lifu Gravity, j 

Fiee sO. 
Pfr Cent 

Specifif Gravity. ! 

Free SO, 
Per Cent. 

Specific Gtavity. ■ 

llcjjiees. 


I iftgrees 

34 


1 decrees. 

1.9620 

0 , 

I.SlSb 

1.9405 

68 

2 

1.8270 

3 ^» 

! 1-9474 

70 

1.9564 

4 

1.8360 : 

38 

1 - 95,34 I 

72 

1.9502 

b 

I.S425 

40 

1.0584 i 

74 

1-9442 

8 

1.8408 

42 

1 1.9612 1 

76 

1-9379 

10 

i.SSbS 

44 

; 1.9643 

78 

1-9315 

12 

1.S027 

40 

; 1.9672 

80 

1.9251 

14 

1.8602 

48 

; 1-9702 

82 

1-9183 

16 

1.8756 

50 

1-9733 

84 

1.9115 

iS 

I.SS30 

.52 

, 1-9749 

86 

1.9046 

20 

1.8919 

.S 4 

1 i- 97 <>o 

88 

1.8980 

22 

1.9020 

56 

1 1-9772 

90 

1.8888 

24 

1.9092 

.S8 

i 1 - 97.54 

92 

1.8800 

26 

1.9158 

60 

i 1-97.58 

94 

1.8712 

28 

1.9220 

62 
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96 
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30 
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64 

! 1-9672 

i 98 

1.S48S 

32 

1-9338 ' 

06 

1.9636 
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Conveyance and Handling of Sulphuric Acid. — Chamber or tower 
acid is usually stored and conveyed in lead-lined wooden tanks. Vessels are now 
made of acid-resisting steel, glass-enamel coated steel, and homogeneous lead-coated 
iron (on the metal). All of these have their disadvantages, however. 

Where acid is used in quantity it is, of course, usually made near to the place 
where it is required, and the serious difficulties of handling and storing are to a 
great extent overcome. The chambers, where used, are usually employed for 
storing the acid made. 

In smaller quantity bottles or glass carboys are used for all strengths. 

For acid of 140” Tw. or over, steel or iron vessels may be s.afely employed if a 
few precautions are observed. The vessel must not be closed to the outside air, 
as hydrogen might be evolved tberein, and considerable pressure accumulated, and 
the vessel should not be left entirely open, as moisture is likely to be absorbed, and 
severe corrosion take place near the air-acid surface. In order to effect a com¬ 
promise, the wisest plan is to employ a vent-pipe sealed ir» a few inches of strong 
acid, and so arranged that air can be drawn in or driven out through it. 
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It must be remembered that, although hydrogen has an exceedingly high 
coefficient of diffusion, it is quite possible for an explosive mixture to be lurking 
in an iron vessel which has been or is employed for conveying or storing sulphuric 
acid. The rule should be that no naked light should be brought near such a vessel. 

Sulphur trioxide is put up in sheet-iron drums soldered up tight, muclj the same 
as those in which caustic soda finds its way to market. 

Uses of Sulphuric Acid. —In almost every industry some sulphuric acid 
is used. In more or less dilute form chamber-tower acid is used in enormous 
quantities for the purpose of rendering soluble mineral and animal phosphates 
(superphosphate manufacture for manures); for decomposing salt with the production 
of sodium sulphate and hydrochloric acid, thus indirectly in the manufacture of 
soda-ash, soap, glass, bleaching powder, etc.; in ])ickling cleaning) iron goods 
previous to tinning or galvanising; in preparing other acids, and in many other ways. 

It iv imjxirianl t«) note lliut two processes of treating filiospliate rock which ha\e been recently 
intn«luee<l may greallv diininish the amount of sulplmnc acid now required for llic rendering 
soluble of the tncalciuin phosphate. The one process is a calcining process — tlic \ewherry* 
Kishhiirne—-and the (»ther consists in the use of nitric acid instead of sulphuric acid, as proposed 
by Kyde, of N«>rway. 

Strunj'er acid, tower acid, and C.O.V. (concentrated oil of vitriol) is used in the 
purification of most kinds of oil, including petroleum and tar oils, as a drying agent, 
in the jiroduclion of organic dyes, in the nitration of organic substances such as 
glycerin, cellulose, benzol, etc. 

'I'he fuming acid is now mainly employed in the manufacture of explosives, 
such as nitroglycerin and nitrocellulose, where it is added to weaker recovered acid ; 
and in the dye industry, small quantities being used for drying air and other 
purposes. 

Detection and Estimation of Sulphuric Acid.— In ihe absence of solulile sdicofluorides, 
soluble sulphates produce a dilficuUly s<»luble prccipilalc of barium miIiiIkUc. 1'hi'' prcopilale is 
difficultly soluble in acids and alkalis, though slightly so in strong hydrocldorir acid. {.Strong 
fiydrochloric acid produces a precipitate of liaCl, if aflded to a strong solution of the latter; the 
precipitate, how’ever, is completely soluble in water in ihe ahscncc of sulpluiics.) 

Sul[)huric acid in me free slate an<] in absence of other acids, or alter boiling in presence of 
other volatile acids, may 1 k‘ directly cstimalcil by titration \Mth staniUrd alkali. It may also be 
determined by precipitation with barium chloude and <*olleclion, washing, ignition, and weighing 
of the resulting ]ki.S 04 . 

Sulphuric acid is usually estimated commercially l)y the specilic gravity. I’or works’ control 
this is satisfactory under most conditions, and as a seller it is not infrequently convenient. How¬ 
ever, the sfiecific gravity may he considcrahly increaseil by the presence of sixhum, aluminiuni, and 
iron suljihates, so that the buyer should never consent to a contract being based on s|>ecific gravity 
only. Two parlirularly unscientific scales are employed—the ime is that of Twaddell, and is in 
general use in fJreat Britain ; the other i*- that of Ifeaume, and is that employed in the United Slates 
of America and on the h’.uropean Continent. The rules for the interconversion of specific gravity 
and the two arbitrary scales are given in the ap]»cndi.s. 
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SECTION XX 

MANUFACTURE OF SULPHUR 
DIOXIDE AND SULPHITES 

By Geoffrky Mari in, It.Sc., Ph.l)., and J. Louis Foucar, B.Sc. 

Manufacture of Sulphur Dioxide and Sulphurous Acid 

Tiik burner-gases (see jip. 211-221) from pyrites, zinc blende, or spent ox'de 
from gas works arc sometimes worked for the manufacture of anhydrous sulphur 
dioxide (SO^). The usual process is that of Hanisch and Schroder (see 
Fig. 1). 

The };ases from llic roa&im^ furiiLiris (see p. 221), vvhicli must contain at least 4 pet cent. 
SOo by volume, otherwise tot) much waiet is re<juireH for complele condensation ol the SOj, enter 
ihiougli A, pass under the le.uien pan-i It ii ami heats them, then {»ass into the lower cc, packed 



Fkj. I. —llaniNch and Schroder’.s Process for the Manufacture of Anhydrous 
Sulphui Dioxide. 


with coke, ilown winch cold water ttiekles. This alisorlis piaclically all the SO.j, which thus 
collects ;;s r. .solution at the bottom of the lower, and fiom theie tuns into the preliminary healer i), 
whicli ij. composed of thin lead jdalcN. round which hot waste lK|uids (from a later stage of the 
operatiors) circulate and give up their heat usefully. I'he SO.j solution le-aves D at a temperature 
of about 85'' U., and then nins <iver the leaden pans li H, where the heal of the Hue gases causes U to 
bml, thus expelling SO^ through the pipe EE to the cooling worm F, where it is c<x>led, and most of 
the moisture accompanying it runs away into ii. The SO^ gas is then dried in a tower it n, packed 
with coke down which a stream of concentrated sulphuiie acid trickles, and then passes a taffeta 
bag J (wliich regulates the ptessure) along the pipe K into the bronze pump I., where, under a 
pressure of 2 k atmospheres, it is liquefied, cooled m M, run into tlie cast-iron Iioiler N, whence it can 
be drawn off as required. 'The moi^aure saturated with SfL, which collects m c, (a .small lower 
packed with lead wire), is boiled iiy live steam entering through R R. The SO,, is thus boiled out 
and recovered, whereas the hot liquid so obtained is used for heating the piehcaier U. 

The anhydrous liquid SO., so obtained is sojd commercially of 99.8 per cent, 
purity. 

For many purposes, f.''., for bleaching sugar, cellulose, etc., also for treating 
wood pulp for making into paper (see Madin’s “Industrial Chemistry: Organic”), 
there is required a more or less dilute solution of sulphur dioxide in water. 

This is easily obtained by bubbling the gas, rich in SO, either from pyrites 
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burners (see p. 211) or from other suitable burners, through water (after first 
washing with water). 

In order to obtain a strong solution both gas and water must be well cooled. 

For many purposes it is essential that the sulphurous acid (SOo solution in 
water) should be free from sulphuric acid. the presence of sulphuric acid 

in the bisulphite used for treating wood pulp is very injurious to the fibre.') 

Hence, as pyrites burner-gas nearly invariably contains .SO3 (see p. 221), and 
the plant for burning the pyrites must be close to the place of consumption of 
[he aqueous solution, many manufacturers find it cheaper to make their own 
sulphurous acid and sulphite by burning sulphur in a suitable burner, and 
leading the gas into water. 

There are two general types of furnace in which sulphur is burned ; of these one 
intentionally volatilises the sulphur and ensures complete combustion of the gas, 
[he other burns some of the sulphur, and condenses that p'ortion which is volatilised 
but not burned. Of these there are again sub types. 



Of the first type the most noteworthy is the Tomblec and Pauli. It consists of a lioritontal, 
cylindrical, lined iron shell 8 ft. long and 3 ft. in diameter, with conical ends, making one revolu- 
lon in twc> minutes. .\t one end is a hopper and worm feed with sliding dampers, at the other a 
ectangular cast-iron box of 37 cub. ft. capacity, provided with sliding damper and vertical uptake, 
vhich leads to a brick dust-catcher. The sulphur is fed m lumps which melt just before dropping 
nto the body of the burner, and a comjdete lk|uid coating is formed on the inside of the shell as it 
evolves. The combustion box and Nertical uptake comjdete the combustion. The furnace, Ixix, 
ind uptake are all lined with refractory material. Using 08 per cent. T/>aisiana sulphur, it is only 
icccssary to clean out the dross which collects once in two montJis. The appliance will burn 
),ooo llw. of .S per day. 

Hand-fed burners of the first type arc now completely olisoletc, and will not be described ; some 
)f them employ secondary air to ensure the complete combustion of Ihesulpliur. The writer has 
bund this very satisfactory if such air l)e preheated. 

Of the second type of furnace may be mentioned the Sachsenberg burner {Fig. 2). It is par- 
icularly suitable for the production of SOo in small quantities, and whicli is recpiired to be as free as 
)o$sible from SO3, as is required for bleaihing, in tlie manufacture of glue, in the rchning of sugar, etc. 

In starting up sulphur is placed in and ignited by inserting a rc«l-hoi iron l>ar tlirmigh the hole 
n the b<Kly (which, when wocking, is chjscd by a plug). I'he hopper <: ami funnel E are filled with 
ulphur, wliich melts and forms a liquid seal in Air Is drawn thri/ugh a, and the SO^ passes out 
hrough B. The upper portions of the body and funnel are water-cooled. Compressed air may 
)e introduced into H to burn any sulphur sublimed there. Tlic slight coating of sulphur on the 
>ipcs, etc., i*- found to iffeclulllv preserve them. A burner of this type, measuring only o ft. by 3 ft., 
k'ilkburn nt) less than one ton ol sulphur per twenty-four hours. 
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A more modem type of plant is that patented and produced by Mr 11 . B. V. Humphries, of 
Queen Anne’s Chambers, London, S.W. . j • i-- 

Fig. 3 shows a furnace of medium site, while a complete installation is outlined in rig. 4. 

* The plant may be worked under considerable gas pressure, and arrangement is made for 



Fig. 3. —Humphries’ Sulphur Burner. 
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replenishing ihc sulphur without any disturbance whatever of the working. Special attention is given 
to the construction of the joints and to facilities for cleaning out. The latter is seldom necessary— 
once every few weeks, or maybe numihs—depending on the work required from the plant. For some 
purposes, such as sugar defecation, a feature is incorporated which diminishes the conti nl of SO.t in 
the gases to a minimum, conformably with the most recent recommendations (»r sugar #*xperts. 

Installations of single units and of batteries are in use throughout the world. The smallest size 
burns 24 lbs. sulphur per hour, while a large size burns 50 lbs. per hour. , 

The sulphur furnace, cooler, and s>.slem in general arc co\ered by patents. 

Properties and Uses of Sulphur Dioxide and Sulphurous Acid— 

Colourless gas, with a pungent, suffocating smell, incombustible, and a non-supporter 
of combustion. Sp. gr. = 2.26 (air = 1). 

By cooling or compression it may be condensed to a colourless mobile liquid, 
boiling at 10” C. under atmospheric pressure. The pressures exerted by liquid SCK 
at various temperatures are:— 

Temperature * - - -lo'C. -lo'T. 4 to'’(\ 4 2o‘('. 3o'‘C. ■440'C. -1 5()*(\ 

Pressure (in aimosplteres} - o 0.53 1.20 2.24 3.51 5.15 7 -^^ 

Critical temperatun'^ 156’ C.; critical pre.ssure = 78.9 atmospheies. T'helatent 
heat of evaporation is large, being 93.4 calorics per kilo at - 10' C. 

Liquid SO., docs not act upon iron, and is therefore put up in steel cylinders, 
being used in refrigerating machines. The gas is also used in bleaching, and for 
antiseptic purposes 

Its chief advaniages for lhi-> purpo-*!* are it'lairly high LueiU heal and pungent smell, the latter 
giving limely warning of an\ e>c:ipe. 



SO., is very soluble in water (water at o" (_\ dissolves 79.8 vols. of SO.j, at 20* 
39 vols., at 40’ i.\ 19 vols.); considerable heat is evolved in the process of solution, 
and the liquid behaves as if it were a solution of sulphurous acid (H.^SO.^). 

It corrodes many metals, such rs wrought iron and /me, decomposes carbon¬ 
ate, forms salts with most metals, and generally .lehaves like an acid. ^ 

Uses.—'Die gas or its aqueous solution n mainly used for bleaching and antiseptic purposes, 
in sugar purification, and in making large nulnbel^ of organic ilicmu'aK. 

'I'lie most imjiortant use is undoubtedly in paper making, where vast quantities are u.sed in the 
form of calcium bi.sulphUc. I..argc *]uanlilies arc also u^ed m the Hargreaves saltcake process 
(sec p. 289). 

Much sodium bisulphite is usi*<l undci the name of “iinlichlor," m order to withdraw the la.st 
traces of chlorine fiom goods bleached with chlorine. .Solid vidiuiii .sulphite (Na^SOj-l- 1 LO) and 
potassium nietasulplute (K^SX),) arc iKith made on the large scale. 

Analysis. -Sulphites or oilier comlnnations tif suljihurous acid arc readily recognised by their 
smell on acidification with sulphuric acid, by the bleaching pioperlies of tlie icsulting gas, by its- 
discoloration of .solutions of pcrmangL||patc and iodine, and its reduction to II.^S in presence of nascent 
hydrogen (zinc or aluminium). Sulphui dioxide may he estimated liy standard iodine titration, 
by oxidation to sulphuric acid and precipitation as barium chlorule or titration with stanilard 
alkali in the case of its aqueous solution, and in the absence of other acids. 

The air of towns near nielallurgirul work.s, smeUers, or calciners usually contains sulphur 
dioxide, which slowly oxidises with the formation of sulphuric acid or possibly of ammonium 
sulphate. If it exceeds a pertain amount (ipjVu volume), serious damage will be done to vegetation, 
which cannot -•.eciu to become .ireustonv d to it. 
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MANUFACTURE OF OTHER 
SULPHUR COMPOUNDS 

By Geoffrey Martin, D.Sc., Ph.D. 

Carbon Disulphide (CS.^) 

Manufacture. —By passing sulphur vapour over heated carbon, when the two 
unite thus 

c + s, = cs,. 

Atone time the heating was effected externally in retorts, charcoal and unrefined 
sulphur being employed. 

At the present time internal electrical heating is employed, and the substance 
is now made on the large scale at Penn Yan, New York, America. 

The eleclrical process for the manufacture of CS., has been fully de.scribed by Taylor {fount, 
FrankUn Inst., 1^8, 83, 141-161: also United States Patents, 688,364, 10th December 1901, and 
87 I, 97 I» 26th November 1907). Fig. i shows one of Taylor’s smaller furnaces. It consists of 
a vertical lined cylinder into which a mixture of sulphur and charcoal is fed in at the top through 
the opening a (from a gas-tight charger). The heating is effected electrically, the current passing 
through the carbon electrodes no at the base of the furnace. 

There are four of these electrodes arranged at rigid angles to each other something like a cro.ss. 
Our illustration shows only two. The metallic portions ol the electrodes are kept cool by a stream 
of sulphur, wliich enters througli the hopfjers «, fills the annular chambers 0, and falls on to the 
electrodes, mcli%, and flows to the bottom of the furnace. 

There is thus an annular layer of sulphur surrounding the lower part of the furnace, which is 
gradually melted a:»i finds its way to the reaction zone. This arrangement absorbs heat which 
would otherwise lie radiated from the walls of the furnace, and so be lost. 

At K arc pipes through which broken carl>ons are passed (refuse from the manufacture of arc- 
light carbons) which reinforce the main carbons. These broken carlions pass over the electrodes' 
and convey the current from the electrodes to the charcoal, and prolong the lives of the electrodes. 
The current is usually passed from one electrode to the other immediately opposite, across the 
intervening charcoal. The current, however, can be switched across to an adjacent electrode 
to burn away obstructions which may prevent the descent of the charge in the furnace Shaft. The 
sulphur melts, comes into contact with the hot electrodes, and is transformed into vabour, which 
passes up through the layer of charcoal in the shaft and unites with the charcoal to form CS^ 
(C + S2=CS.j). As the charcoal thus bums away in the region of most intense heat the charge 
in the shaft gradually descends in order to take its place. The shaft is kept filled with the 
mixture of charcoal and sulphur, fresh material being charged in througi) x as the layer sinks in 
the shafi. The vaporous CS^ passes out*through p into the condensing towers. 

This furnace is i6 ft. in diameter and 41 ft. high (see Fig. t). It runs con¬ 
tinuously for about one year before cleaning out or renewing the electrodes. The 
insulated electrodes at the base are connected by means of aluminium bars, 6 in. 
wide and | in. thick, with dynamos of average voltage, 50. Yield of CS, is 14,000- 
*5,000 lbs. of CSj per twenty-four hours. 

Purification of CS.. —This is effected by distillation in vessels of sheet zinc 
on the water bath, with the usual condensing coils. 

In the first portions of the distillate are foul-smelling impurities. The last 
portions contain sulphur. The middle portions are the purest. 

vot. I.—17 
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It may be parified by addinj; caustic soda (which retains much H^S) and distilling. Also by 
mixing with milk of lime and distilling. 

The vapours may be ]xissed through solutions of iron, lead, .and copper in order to remove 
impurities. Agitating with mercury until no blackening occurs is efficient. Cloez adds 0.5 pet 
cent. flgCi^, which removes the evil-smelling sulphur compound, decants, adds 0.02 per cent, of an 
inodorous fat. and distils the mixtuic on the water Itath. Another process is to add 2-3 per cent, 
of dried CUSO4, shake, allow to settle, and rectify over dry CUSO4. 

Another technical method is to wash with lime-water until clear, and distil with i per cent, of 
colourless oil and a little water containing acetate of lead dissolved. 

Transport and Storage. —The substance is sold in iron drums provided 
with a screw stopper. Since carbon disulphide is very volatile, and its vapour forms 
a highly ex[)lo.sive mixture with air, the storeroom .should be isolated from other 
buildings and be kept well ventilated. 

'J’he carbon disulphide should be drawn off for use through a syphon. 



I’ll'.. 1.—Taylor’s Carlxtn Disulphide 
Furnace. 


Properties. —Colourless, very volatile liquid. ll.P., 46” C. Solidifies at 
-112° C. Vapour ignites at the low temperature of 149" ('. in air, and so is 
dangerous to handle near a naked light. Refract, ind., 1,645; SP- Hf-i *.29215, 
o' to 4'. 

The pure substance has a pleasant ethereal smell. The commercial has a 
foetal odour. Immiscible with water; soluble only to extent of 0.1 per cent. 
Aqueous solution acts as an antiseptic. Liquid dissolves fats, oils, camphor, 
caoutchouc, sulphur, phosphorus, iodine, etc. 

Uses. —Almost wholly as ^ solvent. However, it is so dangerously inflammable 
that its use, even in the cold, is being superseded by light petroleum, or non- 
inflammable .chlorinated hydrocarbons. 

It is used also as an insecticide, especially for destroying weevils, etc., in grain. 
A little sprinkled on the grain kills the pests without injuring the grain. Also it 
is used as a solvent foj rubber in the preparation of vulcanised caoutchouc, seamless 
joints, etc. 
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Sodium Thiosulphate, Na^SjOs sHoO (Hyposulphite) 

• This salt, formerly made by the addition of sulphur to sodium sulphite, is now 
manufactured on the large scale from alkali waste (Leblanc process) by exposing 
it to air for a week or more, turning over from time to time to bring every part 
into conta'ct with air, lixiviating with water, adding sodium carbonate to pre¬ 
cipitate any calcium, decanting from the precipitate, evaporating, and crystallising. 
It is also prepared from bicarbonate by boiling with an equivalent quantity of sulphur 
and treating with SO.^; this method is obviously suitable only to ammonia-soda 
work. Further methods consist in the oxidation of sodium hydrosulphide at 150°, 
in passing H.,S and air or oxjgen over sodium sulphide at 300° C., in fusing 
sodium sulphite with sulphur, etc. 

Properties. —Neutral transparent prisms. Melts in own water of crystallisation. 
Very soluble in H„ 0 , forming supersaturated solutions (217 parts of salt will be 
held in solution by 100 parts of water at 0° ('.). 



Fi’’,. 2.—IC.'itcrnal \'icw uf I'lant for Producing Sulphur Disulphide. 


Uses, —For removing last traces of Cl from bleached goods (antichlor);— 
Na„S..O., + 4CI2 + .sFLO = 2NaCl I- allo-SO, -I- 61IC1. 

In photography for “ fixing,” since it dissolves silver chloride, bromide, etc. Also 
used as a source of SO„ in bleaching oils. Straw, wool, etc.; as a preservative 
in sugar manufacture ; as a mordant in medicine; also in analysis, since it absorbs 
iodine according to equation :— 

2Na_,S/)3 + L = 2NaI -I- Na^SjOj. 

Sodium Hyposulphite. —NajS^O., is made on the large scale as a reducing 
agent in the dyeing and calico-printing industriesj by the action of zinc on a 
solution of sodium bisulphite, the zinc being removed by lime, and the sodium 
hyposulphite being precipitated by adding salt, when Na^SjOj. zH^O is obtained ■— 

4HNaS03 I- Zn = NaaS./), -h Naa-SOj 4- ZnSO,, + zILO. 

By treating the unstable compound Na.jS2O4.2H2O with alcohol, the water of 
crystallisation is removed, and the resulting anhydrous salt is fairly stable, being 
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sold utider the name “ Hydrosulphite B.A.S F.,” containing 90 per cent, of 
hyposulphite. 

This cannot be used in calico-printing as a discharger, since the steam oxidises 
it. Instead there is used a formaldehyde derivative, prepared thus:— 

,S()..\a .SO^Na /SONa 

n,.o + aCIl-P -I- 0< ' - 0 ( i 0< 

\SO.Na 'CH,OH 

Formaldehyde. Sodium Sodium formal* Sodium formal* 

hyposulphite. dehyde bisulphite dehyde sulphoxylate. 

The mixture of salts is sold as “Hydrosulphite N.F.,” “Rongalite cone.” 

These, although they do not reduce at ordinary temperatures, yet in boiling or 
steaming they are decompo.sed into their constituents, which act .is reducing agents 
in the usual way. They are now used as discharges for cotton. 

By treating sodium formaldehyde bi.su!phite with zinc the whole of this can 
be converted into sodium formaldehyde sulphoxylate, being sold under the names 
“Hyraldite C. Ext.,” “Hydrosulphite N.F. cone.,” etc., of formula 
NaHS0o.CH,.0.2Hp. 

Other uses of sodium hyposulj^hite are as a decoloriser for sugar juice, and 
as an oxygen ab.sorber in gas analysis. 

Sulphuretted Hydrog^en (HoS) is ;ui cvil-smclUn^, colourloss j^.is. Poisoiunu >\hen inlwlcd. 
Large (juuntities arc ])roduciTi in tlie rectn-ery of sulphur from alkali tank-waste l)y the Chance 
process, and a smaller airnmnl from gas liquor. Its usc>. are somewhat limited. 

It was proposed lo pumj) it into .sled l)Ottles in lujuid form in a similar manner to that in 
which SO2 ami Nik. appear in commerce, hut the corroMon of the \aUe» was .so considerable that 
the effort proved a iaihiic. 

As an analytical reagent if long held the field, and even now is invalualde for many purposes. 

Its uses in industry are practically confined to the preci[)itatii>n of metals, and to a limited extent 
in the preparation of sulphur dye-stuffs. 


For Persulphuric Acid, see Section XLIII., p. 424. 
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THE SALT INDUSTRY 

By Geoffrey Martik, D.Sc., Ph.I). 
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Common suit, sodium rhloride (NaCl), is a mineral found in great abundance in 
nature. Economically the sub.staiice is of great imporUance, for not only is it an 
essentia! component of the food of man and animals, but also it is the source 
whence, industrially, most of our sodium salts are manufactured: for example, 
it is the raw product for the manufacture of salt cake (sodium sulphate), sodium 
carbonate, caustic soda, soap, etc. The only exception to this rule is sodium 
nitrate, which is found native in very large quantities in Chile. 

Occurrence of Salt.— Immense deposits in the form of rock salt are found 
in many parts of the world. The principal deposits occur at Wieliczka, in the 
Carpathians (where the deposits are said to be 1,200 ft. thick and the mines have 
been worked since the eleventh century); at Cordan (near Barcelona) in Spain, 
where there are two hills of very pure rock salt, caclT about a mile in circumference; 
at Stassfurt in Germany, where the layers exceed 3,000 ft. in thickness and are 
first reached at a depth of 832 ft. from the surface. It also occurs in the Alps 
at Salzburg, Hall, Hallein, Ischl, Aussee, Berchtesgaden, Heilbron, etc,, etc. 

Very extensive deposits of salt occur in China, Africa, Asia, Mexico, Colombia, 
Venezuela, and Russia. In fact, the richest deposit of rock salt in the world is 
said to occur near Iletz Zaschtchiti in the province of Orenberg, South-East Russia. 
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In the United States and Canada very extensive deposits occur, the principal 
localities being New York State, Michigan and Ontario, Utah, ■ Virginia, Ohio, 
Louisiana, and Kansas. 

The main British deposits occur in Cheshire and I.ancashire, while it is also 
found near Carrickfergus and near Larne in Ireland. 

At Northwich, in Cheshire, the top bed of rock salt is 75 ft. thick and lies 

135-150 ft. below the surface. Under this comes a layer, 30 ft. thick, of hard 

marl, and then comes a second bed of rock salt 105 ft. thick. Below this come 

successive thin beds of salt. At Winsford in Cheshire the beds are similar to those 

at Northwich, the upper bed of salt being 70 ft. thick and the lower 120 ft. thick. 
Similar beds occur at Droitwich and Stoke Prior in B’orcestcr, at Preesal in 
Lancashire, near Barrow-in-Furness, in Staffordshire, and various other localities. 

Composition of Rock Salt. —The natural rock salt, as it occurs in the 
mines, is usually strongly contaminated with calcium sulphate and magnesium salts, 
and so cannot be directly used. The following figures refer to the average com¬ 
position of some rock salts which arc commonly met with :— 



i Cheshire. 

-L 

i Stassfurl, 

jUngere Steinsalz.” 

Stassfurt Wielicr.ka 
(Impure). (While). 

Cardona. 

NaCl 

98.30 

97.0 

94.57 100.00 

98-55 

CaS04 

1.65 


0.89 

0.44 

Mr salts 

* ’ 0.05 

0-5 

0.97 

0.02 

CaCL 

Alumina and ferric oxide 



3-35 

0.99 

Water 


I.O 

0.22 


Total - 

lOO.O 

100.0 

100.00 100.00 

100.00 


Sea Salt. —Enormous quantities of salt are found in the oceans and seas, 
whither it has been brought by the rains and rivers flowing from land to sea, a 
process which has gone on without interruption for millions of years, and is still 
continuing. The sea water evaporates, falls as rain on the land, and runs back 
into the sea by means of numerous rivers and rivulets. Thus the salt and soluble 
components of the soil are being continually washed away from land to sea, and 
the stores of salt now accumulated in the seas and oceans represent the net result 
of the lixiviation or extraction of land for many geological ages, 
too g. of sea water contain:— 


Tlie Ocean. ^The Mediterranean. The Dead Sea. ^ 


1 

Grams. 

1 Giams 

Grams 

NaCl - 

2.723 

1 3-007 

8,79 

MgFt. - 1 

0-334 

: 0.385 

8.99 


0.225 

1 0.249 


CaSO, 

0.12b 

0.140 

0.14 

KCI - - ■ i 

0.077 

1 0.086 

1.36 

MgBr., - j 

0.008 

0.008 

0-37 

CaCO", ■ - ; 

0.012 

i 0.012 

2.3X 

Total salts - : 

3-505 

____ 

3-887 

22.03 


To every 100 g. of NaCl in ocean salt we have 


NaCl - 
MgCI,. 
Mgsc3, 
CaSOj - 


Grams. 

100.00 

12.27 

8.26 

4.62 


KCI 

MgBr., 

CaCO”, 


Grams. 

2.83 

0.29 

0.44 
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The Dead Sea really consists of mother liquors from which part of the salt has already separated. 
As regards other seas it may be remarked that the Baltic and the Black Sea are poor in salt, 
containing only about half the amount of NaCl per lOO g. that the Atlantic Ocean does. It should 
also be noted that the relative proportions of the salts which occur, for example, in the Atlantic 
Ocean and the Mediterranean are practically the same, whereas the Caspian Sea is much richer in 
sulphates. Ajialc^ous to the Dead Sea is the Utah Sea, which contains some 20*30 per cent, 
of salt. 

Extraction of Rock Salt. — In many salt mines (especially that at 
Wieliczka) the salt is systematically mined, by first breaking down the rock salt by 
means of powder. Then the broken salt is shovelled into trucks and sent to be 
ground into a more or less fine powder at a crushing and grinding mill placed at 
the bank of nearly every rock salt pit, when it is ready for shipment. 

In order to support the roof, columns of either unchanged rock salt are left at intervals, or else 
the hollow spaces, from which the salt has been removed, is filled in again with debris. 

The pillars which are left to support tl^e roof are in proportion to the depth of the mine. Thus 
at 330 ft. one pillar is left for every times its area of salt worked. The pillars are usually 
10 yds. square, and arc separated by intervals of 25 yds. 

However, it is now usual to direct water systematically upon the salt so as to 
prepare a saturated solution of brine. This is then pumped up to the surface, 
and i": either piped directly to alkali works, or to where salt is required in the 
solid conditions; the brine is evaporated in the manner we will presently describe, 
and the salt allowed to crystallise out. 

In this manner great chambers are hollowed out in the rock salt beds in certain mines, and 
means have to lie taken to prevent the roof from subsiding by leaving undissolved certain pillars 
ofsah or liy timbering, etc. 

In Cheshire, natural brine which penetrates only to the upper bed of salt is 
reached by sinking a shaft some lo ft. in diameter lined with cast-iron cylinders 
jointed together or backed with timber. This shaft is carried down until the marl 
covering the rock salt (which is fairly impervious to water) is reached. Then a 
bore hole is driven in until the natural brine is tapped. The brine rushes up 
into the shaft often with great force, and is then raised by common pumps to the 
surface, whence it flows into reservoirs lined with puddle clay and brickwork 
Occasionally large wooden tanks are employed as reservoirs, the timbering being 
held together by wooden plugs (nails cannot be used on account of corrosion). 
From these reservoirs the brine is piped directly to the salt pans or to alkali works. 

The piping used sometimes consists of trunks of trees bored out in the centre and tapered at 
the ends, so that ilie end of one pipe fits into that of the next pipe. Iron piping is also used, but 
is regarded as inferior to wood piping in some respects. 

In casos where no natural brine is found a shaft is sunk, in the manner above 
described, to the layer of rock salt and then a stream of fresh water is pumped down 
on to the bed of salt, allowed to saturate with salt, and then is pumped up again. 

The concentrated brine is heavier than pure water, and so collects at the bottom 
of the shaft, and care is taken to draw only from the bottom of the shaft, the 
pumps being only worked so long as the brine comes up almost saturated (since 
weak brine requires much expensive fuel for evaporating the excess of water). 

The specific gravity of the saturated brine is about 1.2, As the brine is pumped 
away from the bottom of the cavity more water flows in, the cavity becomes larger, 
and the productive capacity of the shaft becomes greater. 

However, the removal by solution of these suliterranean'beds of salt by the agency of water 
causes in some districts very serious sulisidence of the land almvc them. In fact it is quite common 
in urine.pumping districts for pieces of land to sink at the rate of i ft. a year. 

The water finding its way down lo the rock salt beds often runs for miles along its surface, rind 
so an ever.increasing layer of salt is removed. When the water becomes saturated the absorption 
of the salt ceases, but should the water iie pumped up again for manufacturing purpose.s a fresh 
supply of water flows in, and so the action goes on from year to year, often with Ixid subsidence of 
the overlying land. 
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Manufacture of Salt from Sea Water—Solar Salt 

In countries provided with an abundant supply of sunshine, much salt is obtained 
by the evaporation of sea water. Such salt is called “Solar” salt (Lat. sol, 
the sun). 

The cfiief countries where the process is worked are France, Portugal, Italy, Dalmatia, the 
Crimea, the United States, and in countries bordering the Mediterranean Sea and the Atlantic 
Ocean. 

In France, especially, the industry is a well developed one; no less than twenty-five large sea- 
salt works being in operation ; the most important company is known as the “Comp, des Product, 
chim. d’Alais et de la Camargue,” and the most important works are situated at the mouth of the 
Rhone and in the Giraud district. 

The gener.al method of work is as follows:—A piece of flat land lying well 
below the high-water level, is levelled and surrounded by a bank or wall. The 
best soil to use is clay, which is easily made water-tight. If the land is not clay 
the ground is puddled with clay to make it water-tight. 

The enclosed space, often many acres in extent, and called a “ salt garden ” or 
“ salt meadow," is divided into compartments by internal walls. Sea water is now 
admitted into a (Fig. i) at high tide (usually in spring), and is allowed to stand 
in this shallow “concentration” iiond until the concentration has risen from 3.5” to 
25“ B^., nearly to the saturation point. There separates out at this stage, 
clay, calcium carbonate (CaCO.,), gypsum (CaSO,), etc. ’I'he concentrated sea 
water is now allowed to run into the crystallising pond li (Fig. i), where the 
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concentration is allowed to proceed untd 27“ Be. is reached, when fairly pure 
NaCl (95-97 per cent.) separates out in a crystalline form. 

The mother li(]uors arc now run into other ponds such as c (Fig. i), and 
the concentration continued until 32' Be. is reached, when NaCl-of inferior quality 
is obtained. 

The separated salt is then raked together into heaps, and allowed to stand in 
the air d (Fig. 1): there it slowly dries, the deliquescent salt.s, such as MgCl.„ 
running away or being washed out of the mass by occasional showers. 

In good seasons each square metre will produce in forty dajs some 55-72 kg. 
of salt. 

Now it will be recollected that sea water contains to each lOO g. NaCl present about 12.20 g. 
MgCl.j, 8.26 g. MgSOj, 4.62 g. CaSOj, 2.83 g. KCl, 0.29 g. Mg^r^, 0.44 g. CaCOjt. In the 
course of the evaporation above described, most of the NaCl has been removed, also the CaSO^ 
and CaCO^- There, therefore, remains behind in the m(>iher liquors much MgCly, MgSOa,^lgI)ra, 
and KCl. In France, in the Ciiraud di.sirict, these mother liquors—now concentrated to of thefr 
original bulk—are slid worked up, acetirding to a process introduced by I^alard, for magnesium 
and potas.sium salts, in spite of the development of the Stassfurt deposits (which now supply the 
bulk of the magnesium and potassium sails of commerce, see p. 329). On further evaporation of 
these mother liquors we gel sel mijiie crystallising out, a mixture of alioul 40 per cent. MgSO^ and ■ 
60 per cent. NaCl. ami from this Glauber salt tNajjSO^loH./)) is made by dissolving the mixture^ 
in water and exp<ising the solution to a natural or artificial cofJing a few degrees below 0“ C., when 
the following change occurs:— 

MgSO^ + 2NaCl = NaoSOj + MgCIg. 

The sodium sulphate crystallises oyt as Glauber salt, while the MgCU remains behind In solution. 

After the separation of the se/ mixte there crystallises out Carnallite*(KCl, MgClo, fiHgO), which 
is w'orked for KCl in the manner described under The Stassfurt Industry, p. 330, also p. 335 of 
Section XXIX. 

In the mother liquors from these residues a con.siderable amount of bromine occurs, and the 
liquors are sometimes worked for this in the manner described in Section XL., p. 403, under 
“Bromine." ^ 

Recently in the Giraud district in Fiance vacuum evaporating pans have been set up (described 
below) and a factory for ammonia soda after the Solvay processlias also been erected. 
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In Russia (Siberia, N. Russia, etc.) much salt is obtained by allowing sea water to freeze. After 
removing the ice (which is almost pure water) mother liquors rich in salt are left. These are once 
milre allowed to freeze, the ice removed and, on gentle evaporation, separates from the mother 
liquors. It is purified by exposing to atmospheric moisture. A sample contained NaCl 77.6 per 
cent.; MgClg 1.66 per cent.; CaClj 0.94 per cent.; Na5jS04 13.^ per cent.; insoluble 6.20 
per cent. , 


Manufacture of Salt from Brine 

Much salt is obtained, especially on the Continent, from natural or artificial salt 
springs which issue naturally from the earth, or are pumped up from below by 
means of artificial bore-holes (see above). Many of the natural salt springs are 
almost saturated {e.g., at Liineberg there Is such a spring which has been known 
since the year 956 a.d.) while others are dilute. 

The following figures give the composition of some well-known brines:— 


. 100 Pan*i Kriiie Contaiti 

Northwich I [ .... 

Bottom i Droilwich. [ ,_u.i,*u 

Mine. 1 

Syracuse, 
New York, 
U.S.A. 

MidOles- 

Wough. 

Scl>{)nbcck. 

1 NaCl ... 

25.790 j 22.452 ; 25.563 

21.710 

24.930 

9.623 

' CaSOj 

0.450 ' 0.387 1 0.437 

0.505 

0450 

0.339 

MgCl., 

0.093 ' ••• 1 0-005 

0.136 


0.083 

. KCl, kjSO. 




0.021 

! CaCO^ 

0.018 1 . . ' 0.010 


0.030 

0.026 

! CaCl. 

0.044 1 

0.188 



; NajSO^ 

... ; O.^qo 1 


0.020 

0.249 

MgCO. 

0.034 




, MgSO, 

0.023 


0.046 

0.012 

FeCO, 

! 

0.005 


0.001 

Total - 

26.395 ! 23.263 ’ 26.03S 

22.544 

25.476 

10.354 


In parts of Germany anil the Continent, in cases where these salt springs contain less than 
16 per cent, of salt, they are sometimes concentratcfi by allowing the liquor to drip over tall 
blackth<*rn hedges in the free air. An enormous surface is thus exposed to the air, and CaCOji, 
CaS04, etc., deposits on the thk>rns and twigs of the wall. However, this process is uneconomical, 
because much salt is lost by being blown away by the wind, and practically it is found more 
economical to cither buy ruck salt and add it to the water from the springs and so bring them 
to saturation point, or else to penetrate the underlying salt beds bj’ means of bore-holes and 
allow fresh water to run down and .saturate itself with salt. This brine is then pumped up. 

The brin(‘, brought up to the saturation point, is next run into large salt pans ” 
and boiled down for salt. 

Thc^e salt pans arc made of wrought-iron plates riveted together, like boiler 
plates, and heated from below. At Norlhwich, the smallest pans employed are 25 ft. 
long by 20 ft. wide and ft. deep, but larger pans used for making coarser salt 
are 70-140 ft. long by 25-30 ft, wdde by 1J-2 ft. deep. Many salt pans hold over 
50 cub. m. of brine. The pans are placed upon brickwork, which forms the flues, 
■while the fireplaces are put in front. 

Fig. 2 shows a cross section through a typical English salt pan. 

The salt pan A is heated by flues running underneath and, supported upon the flue walls, has 
running down each side at cc a narrow gangway, made of 2-in. planks, 2 ft. wide, known as 
the “standing aside.” These gangways run the entire length of the pan, and are used by the 
workmen for shovelling the salt out of the pan on to the hurdles” D, consisting of wooden 
planks, inclined as shown, with a gutter placed at the edge. These form a receptacle for the 
wet salt, the gutter allowing any brine flowing from the wet salt to flow back into the sail pans. 
As considerable strength i.s required to shovel out the salt from the pans on to the hurdles, a 
narrow “toe space ” is left beneath the j»n, so that the workman in drawing the salt out of the 
pan can get his toe under the pan and so exert greater force. The f«ns at the side extend some 
6 in. or more beyond the flue walls, in order to give this “ toe-room ” 4 o the workmen, and also 
to keep the angle irons at the sides well out of the flues and so prevent them from hgcoming 
heated strongly. The pans also extend alx>ut i ft. to ft. beyond the iron wall of the fireplace 
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(in order to prevent tlie angle Irons of the sides becoming unduly healed). The salt is drawn 
from the pan by a .sort of perforated shovel known as a “ skimmer.” 

The plates of the pan which are directly over or near the fire.s are thicker g in. thick) and 
smaller than the other plates in. thick), because they wear away more rapidly. Each set of 
fire-plates is separated from the neighbouring series of fire-plates by the long plates resting upon 
the wall dividing the two fireplaces. The floor of the pan is firmly joined to the sijlcs by means 
of an angle iron. All the plates are riveted together like boiler plates, and are made out of 
wrought iron. 

A somewhat different arrangement is adopted in Continental salt works. Here 



the salt pans are usually covered with a wooden cover, provided with an upright 
shoot to take off the steam. This cover keeps in the heat and accelerates the 
drying of the salt. 

Figs. 3 and 4 show, for example, a typical (lerman salt pan as worked at Schonel>eck. The heat 
is supplied from two fireplaces A and u (using “ brown” coal), and the hoi gases therefrom stream 



under the pan backwards and forward.s several times through flues arranged as show’n in Fig. 5, 
the hot flue gases finally c.scaping away to the chimney by passing underneath the “dryinghearths” 
which are adjacent to the salt pans as shown. In these drying hearths the salt is finally dried. 

The eva|>oration of the brine isron the Continent usually carried out in two distinct stages. 
I. The brine is first run into circular pans provided with .stirring gear (“Slorpfaunen”), and 
evaporated until the brine i> quite saturated. At the same time a certain amount of purification 
is effected at this stage, because here there separates (together with .some NaCl) such substances 
as CaSOj (gypsum), Na.2S04, Fe(OII)a, and certain organic resinous matter (known as “Quell* 
saure” and “ Erdharze”). 

2. After the brine has,b£en saturated and purified, as above described, it is next run Into the 
salt pans (“ Siedepfaunen ”), where it is boiled down as described in the English process. Here 
the salt i.s sc/'mrat^ in a fairly pure form in crystals, and by means of rakes and perforated shovels is 
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drawn out, placed wet upon a dripping board or mantle (“hurdles”) almve the pans, so that 
the uprising steam serves to dry it, and then is transferred, by means of suspended iron trucks, 
into&he drying rooms. 

The drying process is completed on iron or stone floors adjoining the salt pans 
and heated underneath by flues, through which stream the waste hot gases escaping 
from the salt pan fires (see Fig. 3). This method causes lumps to form in the 


Section throughAB. 



salt, and consequently the better qualities of salt arc often slowly dried on wooden 
gratings or in perforated shelves in special drying chambers. 

The varieties of salt formed differ considerably according to the temperature at 
which the pans are worked. 

Fine-Grained or Lump Salt is made by actually boiling the brine in small- 





I'lo. 5.—German Salt Pan at Schimebeck. 

%i 

sized pans (say 20-40 ft. long by 20-25 ft. wide and 16-18 in. deep). The tempera¬ 
ture of the boiling brine is 107.5° C., and the salt as it settles out is raked off the 
fire-plates to the side of the pan. Every eight to twelve hours the salt is withdrawn 
from the pan and placed in wooden boxes. On cooling, the hot brine still con¬ 
tained in the salt crystallises out and knits the whole into a -solid tump, which is 
then knocked out of the box and dried in a drying chamber. 
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Table salts are prepared from this fine-grained lump salt simply by grinding. 

The best varieties of German table salt are prepared by removing salt wet from the pans, allow¬ 
ing to drain on dripping boanis, then throwing into centrifugal machines, which force out the excess 
of moisture. The final drying then takes place in horizontally placed rotating copper cylinders, 
coated internally with cement (since copper and even tinned copper arc attacked by moist salt) 
and provided internally with a rotating worm, which keeps turning the salt over. Hot air is 
fKisscd in a steady stream through the cylinder, whereby the salt is dried without the formation of 
'Mumps.” It then possesses a brilliant white crystalline appearance. 

The following analyses give the average composition of three typical specimens of table salt, to 
which is appended a specimen of salt derived from sea water :— 



Table Salt from Brine. 

Sea Salt. 

NaCl - - - . 

98.40 

97.40 

97.11 

(aSOj ■ . - 

'•30 

o.i;8 

l.IO 

Mg.SO, - - . - 


0.1,3 

0.23 

MgCI,, ... 

0.28 

0.08 

0.04 

Insolub'c residue • 

0.03 


0.05 

ii/f .... 

1.71 

1.40 


100.0! 

99.92 

99-93 


Magnesium chloiide (MgCU), if present in salt to any extent, causes an intensification of the 
salty taste, but, being hygroscopic, causes the salt to become lumpy and damp. It should, 
however, be noted that even the purest samples of NaCl have a tendency to stick together in 
lumps. In some table salts tins difficulty is got over by adding a small amount of hone meal 
(calcium phosphates) to the s.all. Thus Cerebros salt is staled in a recent lawsuit to contain 3 per 
cent, of phosphates thus added, which possiidy acts beneficially in adding inincral phosphates to the 
food in small quantities. 

For “Common Salt” —as used in cenain manufacturing operations—the 
crystallisation of the salt is effected at 6o”-8o“ C. in large pans, 40 ft. by 25 ft. by i J ft. 
The salt is raked from the fire-|)lates every two hours and taken out of the pan 
every twenty-four to forty-eight hours, and, after draining on the hurdle.s, is ready 
for shipment. The grain of this salt is much coarser than the previous variety 
mentioned. 

Fishing Salt, made for the fishing industry, is a coarse-grained variety made 
by crystallising at 38“-6o'' C. in large pans, often 60 ft. long, 2 ft. deep and 25 ft. 
wide. The salt is removed every seven to fourteen days. The longer the salt 
remains in the pans the coarser the grain. A little alum added to the brine favours 
the formation of large hard crystals. 

Bay Salt is still coarser in grain than fishing salt, the pans being very large, 
sometimes 135-140 ft. long by 30 ft. wide and 2 ft. deep. The brine is kept at 
40°-5o“ C. and the salt is drawn from the pan every three or four weeks. 

The grain of salt can be altered to some extent by adding various .substances to the pan. 
£.g., Alum favours the formation of large crystals (f.r., a coarse-grained salt) while gelatine or 
grease tends to cause a fine-grained salt to be deposited. 

“ Hopper” Salt is made by adding alum to the salt, when the .salt crystallises out in hollow 
cubes, which float about before they sink to the bottom of the pan. 

Various irapuiities gradually separate out on the pan—mostly over the fire-plates—and form a 
scale over the bed of the pan. Thus any bicarUmate of calcium (CaCO.,. IlnCOj) is decomposed 
and a layer of CaCO, Is rleposited (CaCO.,.HjCO;, = CaCO, -I- CO„ 4 H26), forming what is 
known as “sand scale.” This has to he broken occasionally by a hammer or blunt pick and is 
removed, otherwise the fire-plates would gel red hot and burn away. 

Likewi.se CaSOj (Gypsum, calcium sulphate) present in the brine also settles out as a hard crust, 
often containing inuch NaCl, and is known as “jran scale.” This butcr often attains 4 in. or more 
in thickness, and is broken out and sold as a “ salt lick ” for cattle, also for manuring purposes. If 
the brine contains much, MgCI^ (Magnesium chloride) the preparation o( salt occasions difficulties 
owing to the deposition of scale and other impurities. 

(Jw-ing to the graduaj dcpusitii.n of scale, and loss of efficiency therefrom, periodically all the 
liquid is run away and the pan cleaned and scale removed (“picking” the pan). 

The mother liquors remaining after the removal of the salt are usually run to waste. 
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Manufacture of Salt by Multiple Effect Vacuum Evaporators 

jl’he introduction of vacuum apparatus for evaporating the brine is of recent 
date, and triple effect vacuum evaporating pans have now been employed with 
success for many years at several large salt works. 

Multiple efiect vacuum pans liave been descril>ecl in Martin’s “ Industrial Chemistry: Organic, 
6s, under Soap (pp. 123-124), under Sngfar (pp. 155-160), and in this Volume, p. 378, and we 
will nut again de.scribe them in detail here except to mention th.at heat is applied to the vessels 
through tubes to the first vessel of the .series—such heat may lie waste steam or hot Hue gasses, and 
is passed through hot tubes immersed in the brine. ■ 

TOe steam generated from the boiling brine in the first ves.sel is then used for lading the brine 
in the second, and the steam from the .second heats the third. A vacuum is inamtamed by a special 
pump attached to the last vessel, and consequently the last vessel is under the highest vacuum (so 
the boiling takes place here at tiie lowest temperature), while in each of the preceding vessels the 
pressure is greater and so the boiling takes place at successively higher temperatures: so that while 



in the first evaporator the pressure may be only a little under atmospheric pressure, in the last 
evaporator, where a high vacuum is maintained, the boiling takes place at a low temperature. 

In the vacuum plant designerl for salt works special arrangements are made 
continually removing the salt as it separates. Such devices have been descnlied in » 

“Industrial Chemistry: Organic,” under So*p, in describing bosters salt recovery plant lor 
evaporating soap lie.s. (See loc. cit., p. 123, and also under “ Electrolytic Production of Caustic 
Soda,” this Volume, p. 378. ) In evaporators employed in salt works, however, very often a long leg 
is fitted to each evaporator so as to maintain a column of brine equal to the vacuum in the vesse , ^ 
that the crystals of salt as they separate out fall into the bottom of this leg and are conttnualiy 
removed by means of an elevator to a storage hopper, and this without in any way intertering 
with the vacua. Fig. 6 illn.strates this arrangement, where each evaporator (Aj, Aj, ana A,i 
is placed at a different height so as to give a length of deg proportional to the vacuum in 
the vessel, the evaporator A, next the vacuum pump being thus placed at the greatest iwig . 
^ch evaporator has its own elevator (B,B, belongs to A„ BjBj to A. 2 , and BjBj to Aj) lot rai^ g, 
the salt as it falls to the bottom of the leg into the hopper. 


The earlier attempts to use vacuum apparatus for evaporating brine failed 
on account of the deposition of calcium sulphate, calcium carbonate, etc., m the 
form of hard crusts on the internal pipes, which speedily rendered the plant 
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inefTeclive. Now almost all natural brines are practically saturated with CaS04, 
which is more soluble in NaCl solution than in pure water, although its solubility 
is much diminished if either CaCl.j or Na^SO^ or MgSO^ is present. 

Hence many works purify the brine artificially before evaporating in the 
vacuum pans for salt. 

Thus at Luneburg the brine is treated with some milk of lime, which precipitates the 
magnesium salts as Mg((.>!l)y and also j>rccipitates any calcium lurarhonate present, tlms :— 

MgCb -) (’a(OII)a = Mg(On), -1- CaCL.CaCO,; U/'O, + C'a(OH)., - aCaCO, I- 2ll,0. 
Next some ammonium c.'iibonaie liejuors arc added, which precipitate all llic calcium present, as 
carbonate, Ca(' 0 ;„ tlius :— 

CaSOj + (NlijlXO, - CaCO:j + Catn. + (NIbiX’O, ^ OiCO, i 2NTI^C1. 

The precipitated C'aCO.f is allowed to settle aiul the )>urified hniie thus obtained is run 
clircctly into triple cficct cvajiorating pans and btuleil down. The salt is .lUlomaticaliy recovered 
(sec under Soap, Martin’s “Industrial Chemistry: Organic,”) as the evajioralion proceeds, and 
the mother liquor remaining after the rcnio\al of as much salt as possible contains all the added 
ammonium salts either as ammonium sulphate ((NH4).jS04) or as ammonium chloride (NlbCl), 
This is recovered by adding each time to the rujuor excess of lime, ('a(()lJ).j, which then sets free 
ific ammonia, an<l then CO.j gas is passed into the ainmoniacal solution, ronverling the free ammonia 
once more into ammonium carbonate, which is once more used for jairifying a fresh lot of brine. 
Conse<juenlly for each purification ihc only chemical which has to be added each time is lime, the 
ainm«»nia being used over and o\er again. 

Another successful method of treating the brine is the addition of calcium cldoride (CaCl.j) 
(Vis, 1S96), which precipitates the (*aS04 (by lowering its solulnliiy) in tlie toim <if small 
ciystals, winch mixes with the salt and does not alh»w tlie formation of scale in the lube. The 
salt, after sejiaralion, is washed free from CaCC by means of fresh brine, and the washings are sent 
with the brine into tlie evaporators once more, so that the same ('aCl- is used over an<i over again. 

In 1900 Vis proposed to electrolyse hiine until the N’aOIl formed is sufficient to precipitate the 
Ca and Mg salts. Aflerwartls CO^ gas (flue gases) is passed in to precipitate the rest of salts 
in solution. A very similar proposal was made by Malcolm and Munton in 190S. 

Mechanical devices for slopping the formation of scale in the lubes of the (wjqiorutor have also 
been successful to some extent, c.^., Trump’s device (patented in 190S) of placing a circul.aling 
pump in the vacuum apparatus, which caused the cry.sl.als and mt)ther li(juors to be continually 
returned to tlie evaporator, thereby favouring the formation of large crystals, which by their 
scouring action prevented the formation of scale in the tubes. 

The salt separated by vacuum evaporator invariably comes down as fine¬ 
grained w'hile crystals. It is thrown into centrifugals, and is finally drained as 
above described. It is almost chemically pure, often containing as much as 
99.8 per cciit. NaCl. 

The grain <*f salt jiroduced by these vacuum evaporators is alwavs fine, and where a coiir.se- 
graincd «alt is rc-quircd (es-.ential in certain manufiicturcs), the c.'ncenlrated lirinc from the 
evaporaUirs is all<»wcd to flow info an ordinary open pan where the crystals of salt form slowly 
and grow to a large size. I'hese tanks are sometimes known as “grainers.'* 

The yield of these vacuum pans is far greater than that of the open pans per 
Ion of fuel burnt. 

'I'hus v^ilh an ordinary open pan i ton of coal (slack, with i<;-2o per cent, ash) will make at 
most 2 tons of salt, whereas a goo<i triple eflect vacuum evaporator will give y 6 t(»ns of salt 
for the same amount of fuel burnt. Since the price of fuel is a heavy item in the pre|>aration of 
.salt, any saving in this greatly increases the margin of profit. 

Another advantage about the employment of vacuum pans is that their 
productive capacity is far greater than that of the open pans. 

Thus from an tirdinary oj>en 15-20 tons of silt per twenty-four hours is considered a go(xJ 
yield. However, multiple effect evaporators are 1 uill which will produce with case some 500* 
700 tons of salt per day. 

The main disadvantages of^vacuum evapt^rators are the heavy initial cost, and 
the care with which the brine is to be purified in order to prevent the covering of 
the tubes with calcium sulphate scale. 

An interesting development of the salt industry has recently taken place. The 
problem of utilising rock salt for the direct production of white salt suitable for 
commerce and edible^purposes, instead of making it from brine, has long occupied 
the attention of inventors. 
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This will obvious when it is recullectctl that one imperial gallon of saturated brine will only 
yield on evaporation some 50 ounces of dry salt. Thus there is a great fuel consumption necessary 
for file evaporation of brine to dry salt. “ Fine ” salt from brine requires with open pans 13 cwt. 
of coal, while “common salt ” about 9 cwt. of coal, for each ton of salt produced. 

Now ordinary rock salt contains clay, gypsum, and is stained by iron and 
metallic oxides all sorts of colours, ranging from brick red to green or violet. 
Hence, in order to produce a commercial salt of good tiuality direct from rock salt 
we must remove all traces of these staining impurities. Now the temperature at 
which salt fuses, viz., 776° (?., is so much lower than the very high fusion tempera¬ 
ture of the impurities contained therein, that it is possible to purify it by fusion 
alone. A great many attempts have been made to purify by fusion, but with little 
commercial success. It is stated that Ia;e, working for the International Salt 
('0., whose works were at Carrickfergus in Ireland, has overcome these difficulties, 
and that the jrrocess nlay in time revolutionise the salt industry. Lee found that 
when salt is melted in an ordinary crucilile, and agitated by a stream of air, and 
then is maintained molteri for a considerable time, the impurities settle out at the 
bottom, sinking through the molten salt. On cooling, the whole of the earthy 
impurities deposit at the bottom in distinct laminte, the separation showing a straight 
well-defined line, the bulk above it being pure white .salt of a good appearance. 

Lee next carried out the-ie lalioratory ex|)eriments on the large scale. The 
crude rock salt was melted in a furnace of the same type as an open hearth steel 
furnace, and was then run into large vessels, termed “ cotiverters,” into which ait 
was blown. The salt, on cooling, shrank away from the walls, and gave a similar 
line of demarcation between the pure salt and the impurities as had been obtained 
■in the small scale. However, very great jiractical difficulties were encountered, 
.'he clayey matter became viscid, and formed a clog upon the bed of the furnace, 

• •.nich prevented the free running of the salt into the converter, and caused much 
salt to remain behind mixed with clay. 

The yield of jiure salt thus obtained made the process hopeless as a commercial 
venture. < jinseipiently, it was found necessary to depart altogether from the type 
of an ordinar)' metallurgical furnace. The furnace employed had an internal 
platform upon which crushed rock salt was discharged at various openings, and 
accumulated along the platform in the form of cones. When these cones of rock 
salt melted ’.mder the heat of the furnace, the melted salt flowed away, leaving a 
residue of clayey matter, etc., capable of being easily removed. 'I'he molten salt 
was now alloweu to run down to the bed of the furnace, and when enough of the 
molten fluid had accumulated, air was blown through the salt in the furnace itself, 
thus doing away with the use of converters. 'I’he molten salt was now allowed to 
stand some time to allow the impurities to deposit, and was then run into moulds, 
where it was .mickly cooled. The salt was then transferred to crushing and grading 
machinery, where it was graded into the different kinds of finished salt. 

Lee estimates that I ton of coal will by this process give 12 tons of purified finished salt. 
Exclusive 01 the price of rock .salt, the price of its conversion into pure grade commercial salt, 
including depreciation on apparatus, docs not exceed 2s. 6d. per ton. 

There is, it is ckainicd, much saving of labour as well as a quicker turnover on capital invested 
by this Lee process than hy the usual brine process. Whether the process will .stand the test 
of time and the introduction of vacuum pans into the salt industry by the brine process remains, 
however, to be seen. 

The first patent was taken out by Lee in 1903, and several additional patents have since been 
taken out for improvement in the process. 

Properties of Salt. —Sodium chloride crystallises in cubes of sp. gr. 2.2, 
and hardness 2. 'I'he following figures give the solubility of salt in water at various 
temperatures:— 



272 


INDUSTRIAL CHEMISTRY 


Temperature. 

NaCl in too g. Solution, | 

NaCl taken up by too g. 

1 Water. 

0" 

26.3 

1 35.7 

io‘’,, 

26.4 

1 35.8 

20“ „ 

26.4 

35-9 

50“ »» 

26.9 

1 36.8 

100" „ 

28.1 

! 39.1 

107.7" 

28.4 

39-7 

1 


The following figures give the specific gravities of salt solutions of various 
strengths at 15° C.:— 

NaCl per 100g. bolation - - 5 g. log. 15 g- 20g. 25 g. 26.8g. 

Specific gravity ... - 1.0355 1.0726 1.1105 i .'497 1.1904 1.2OSS 

Statistical.—Tlie manufacture of salt i.s carried out in Great Britain in fotty-eiglit registered 
“ works.’’ Of tlie.se, ten occur in the North of England, twenty-eight in Cheshire, North Wales and 
Lancashire. (See “ Forty-Ninlh Annual Report of Alkali, etc.. Works,” 1913, p. 5.) 

The total iiuantity of riwk salt mined, white salt made from hrine, and salt contained in htine 
used for making alkali, amounted in 1907 to 1,979,000 tons, valued at ;^644,ooo, and this quantity 
has remained fairly constant for many years past. (See “Home Oliice Report on Mines and 
Quarries for 1907,” Part III., Cd. 4343 .) 

The “Final Report on the First Census of I’toiluclion of the United Kingdom” (1907) states, 
p. 56, that the total output of salt works m 1907 was :— 



(^luantily. 

Value. 


Tons. 

£ 

Rock and white salt ... - 

1,417,000 

618,000 

Table salt (sold in jars or jxickcts) - 

35^000 

77,000 

Other products. 


17,000 

Total of salt 

1,452,000 

712,000 


The difference between these latter returns and the total amount mined is due to the fact that 
alkali manufacturers pump large quantities of brine ilirectly in their works and the amount used by 
alkali manufacturers is not included in this latter estimate. . I (ft si 

The amount of salt of dilfcrent qualities produced may Iw estimated from the fact that out ot 
1,144,00a tons of white salt produced by certain firms in 1907 it was ascertained that:— 

277,000 tons were coarse, for chemical and manufacturing purposes. 

482,000 ,, ,, coarse, for other purposes. 

258,000 „ „ fne. 

127,000 ,, ,, fishery. 

Total, 1,144,000 tons of white salt. 

The price of .salt at the works was, in 1907, 8s. lod. per ton, while the average value of exported 
salt in the same year on shipboard was 15s. fid. per ton. The total number of persons employed 
in Great Britain in salt mines, brine pits, and salt works was in 1907, 4,736 (of which 439 were 
women); the net output per person employed was £(>t. 

The amount of salt consum^ per head of population is 30 kg. = 67 Ihs.—due largely to 
consumption in the alkali induces. ' 

The following figures show the British imports and exports of white and rock salt: - 



-If 

1907. 

1910. 

1913- 

Exports - 
Imports - 

■*582,000 tons (.^452,000) 
30,000 „ (1623,000) 

562,000 tens (>6465,000) 
32,000 „ (ZaS-ooo) 

• 
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Gemuny in 1908 produced at twenty-three salt mines and sixty-two brine pits 

1,164,100 tons rock salt. 

648,100 ,, refined salt (siedesalx). 

29,200 ,, salt residues (abfallsaiz). 


Total, 1,841,400 tons .salt. 

In the .same year there was pumped some 15 million hectolitres of brine. 

In the same year sbe used :— 

488,600 tons table salt (7.7 kilos per head of population). 

529,500 „ for soda, sodium sulphate (to this must be added brine for the ammonia- 
soda prnce.ss). 

262,100 ,, for other chemical and technical puriKises. 

49,500 ,, for manuring purposes. 

Total, 1,445,100 tons (22.8 kg. per head of population). 

At Slassfurt too kilos rock salt cost 0.45 mark, refined salt 2.8 marks. On table salt is a duty 
of 12 marks per lOO kilos. As .sold in trade, table salt in Germany costs 0.2 mark per kilo (1908). 

The salt tax (only on table salt) in Germany produced, in 1908, 58,200,000 marks. .Salt for 
industrial purposes and for cattle are tax free, provided they are denatured. The denaturing agents 
for cattle salt are i per cent, iron oxide and J per cent, wormwood powder. For salt to he used 
in the alkali industry the denaturing agents are I to 8 per cent, sulphuric acid or 2j per cent, 
•sodium sulphate or 8 per cent, ammonia, according to the u.se to which the salt is to be put. 

The salt production of other lands is estimated (1908) as follows: United States, 3,oco,ooo tons : 
Russia, 1,800,000 tons (of which half is produced from sea water); France, 1,203,000 tons (of 
which 40 per cent, is sea salt); Austria, 340,000 tons and 7,400,000 hectolitres brine. 
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SECTION XXIII 

THE MANUFACTURE OF 
HYDROCHLORIC ACID 

By Geoffrey Martin, D.Sc., Ph.D. 
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Lunge.— “ Sulphuric Acid and Alkali.” 1915. 

T. Meyer.—“S ulfal und Salzsaure.” 1907. 
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Manufacture of Hydrochloric Acid.— Hydrochloric acid is usually manu¬ 
factured by heating two molecular proportions of salt with one molecular proportion 
of concentrated sulphuric acid. Usually about half a ton of salt is placed in a large 
semispherical pan set in brickwork and heated by direct firing. An equal weight of 
concentrated sulphuric acid (1.7 sp. gr.) is added from a leaden cistern, when the 
following action takes place:— 

NaCl + UaSO. = NaHSOj + HCI. 

About 70 per cent, of the hydrochloric acid escapes through a flue in the dome 
of brickwck which covers the pan, and is condensed by water as is described below. 
The fused mass is finally raked into another part of the furnace, and is there heated 
to redness, when the action is carried to completeness, thus:— 

tjallSO. + NaCl = Na^SO. + ilCl. 

The hydrochloric acid escapes through a separate flue. This is known as 
the Salt Cake Process, and details of the furnaces, etc., are given fully in 
Section XXIV., p. 281. 

The main product is sodium sulphate, the hydrochloric acid being more or less 
a by-product. 

The second process of manufacturing hydrochloric acid is known as Har- 
greave’s Process, and consists in passing a mixture of sulphur dioxide, air, and 
steam over salt heated to dull redness, when the following action takes place:— 

aNaCl + SOj + 0 + 11,0 = Na,SO, + HCl. 

The process is fully described under “Sodium Sulphate” in Section XXIV., 

p. *84. 

The hydrochloric acid gas evolved in the manufacture of sodium sulphate, either 
by the salt cake process or the Hargreave’s process, is always absorbed by being 
led into water. 

At one time the acid fumes from the salt cake furnaces were'allowed to escape into the air. In 
spite of enormous chimneys reaching to the height of 450 ft. and more, the neighbourhood of the salt 
cake foctories was surrounded by dense clouds of smoke. The acid vapours in the air killed the 
vegetation for miles around the factories, and brought great distress to farmers. Consequently, in 
1803 the Alkali Act was passed which makes it compulsory for 95 per cent, of the escaping acid 
gases to be condensed. The exit gases should not contain more than 0.2 grain HQ per cubic foot, , 
and the total amount of acid gases escaping must be less than is equivaieih to 4 grams of SO, per 
cubic foot. 
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This at first caused great expense to the factories, as at that time HCl was an almost worthless 
by-product; but soon the rise in value of HCl for the manufacture ol chlorine and bleaching powder 
made the forcible condensation process an actual source of gain, and at the present time it is common 
for 99.27 i)er cent, of the HCl to lie condensed. 

Fig. I shows a typical plant attached to salt cake furnaces, giving 4,800 kg. of 
sodium sulphate per twenty-four hours. The HCl gas escapes from the salt cake 
furnaces a, a, by means of two separate pipes. One pipe b, made out of acid- 



KlC. 2.—Hydrochloric Acid Receivers. 


proof earthenware, leads the concentrated and fairly cool HCl gas out of the “ pan ” 
in A; while the other pipe B, leads the hot dilute HCl gas out of the muffle or 
roasting part of the furnace. This HCl gas is dilute and very hot, and so the first 
part of the pipe Bj is made of tarred sandstone. The ga.ses pass into two sandstone 
towers c, c, where they receive a preliminary cooling, and are to a great extent freed 
from dust and sulphuric acid. They then pass through a senes of some 50 to 60 
acid “ receivers.” These are simply large “ Woulff’s bottles,” made of acid-proof 


He! 



Fig. 3.—Ccllariu.i. Receivers. 


Stoneware, about 32-37^ in. high, connected together by wide fl-shaped pipes, 
and arranged as shown in two parallel rows. They are laid down so that a gentle 
inclination on slope towards the furnaces exists, so that a stream of water can flow 
through the series in a direction opposite to that of the gases coming from the 
furnace. The holes for the water are well seen in Fig. 2. This water absorbs 
most of the HCl, and is run off into the side receivers Gj, g. 

In Germany the more eSicient Celtarius receivers have come into use of late years. 






THE MANUFACTURE OF HYDROCHLORIC ACID 277 


Fig. 3 shows a typical Cellarius teceiver. The gas enters at c and escapes at ti, while the 
absorbing water enters by the pipe a, flows over the “saddle” and escapes by the pipe b. Thus 
a ifluch larger absorption surface is presented to the entering gas, and the latter is more thoroughly 
mixed with the water and cooled. The whole vessel is immersed in tanks filled with cold water 
which thus greatly increases the efficiency of the alssorption and the strength of acid produced. 


The gases'finally escaping from the terminal receivers now pass into absorption 
towers E, E,, where they meet a stream of descending water which removes the last 
traces of acid from the gas. 


D- 


An al)sorption tc»wer of improved con'itruction is shown in Fig. i. It consists of a series of 
rings of hard earthenware, about i m. in diameter, set rme on the other so as to form a 
tower some 15-30 ra. high. The upper )»art of liie tower is filled with coke, and the lower part 
with stoneware plates or bricks. From the water tank H a stream of water is sprinkled by means 
of a rotating “sparger”’ over the coke and flows in a steady 
stream down the tower, e.scaping at the bottom into the stone¬ 
ware receivers described above. 

The gas from the receivers enters at .1 (Fig. t) 
at the bottom of the tower, and escapes at k into 
a long earthenware tube fe, which leads the now 
acid free gas away to the chimney. At i. samples of 
the acid can he withdrawn and tested. 

In luigland in many works it is ific custom lo jhiss llie 
gases evolved from the salt cake furnaces directly into the 
absorption towers without the introduction of the el.iboralc 
system of etxiling and ab.snrplion vessels described above. 

1‘hcse condensing towers are some 20-30 in. high, and are 
filled with coke or bricks dtavn which a stream of water 
trickles as prcviouslv described. 'I’hcy are usually built of 
sandstone plates previously iKtiled in tar or asjihalt, ma<le air 
and water light witli a lute made of tar and clay, and securely 
ifolted logelli* r by means of iron clamps and liars. I'be aijueous 
acid ibus obicned is not <]uiie so strong as that obtained with 
the more elaboiate condensing system, because the gases enter 
the tow’er w'hile still hot. The aci<i, loo, is more impure, 
being coi..aminated with organic matter, sulphur dioxide, 
sulphuiic acid, chlorine, chlorides of iron and arsenic—the 
latter substaiues sometimes being jiresenl in considerable 
quantities, being derived from the p\ riles used in making the 
sulpluiiic acid Uked. Williin recent years, acul-resisling 
materials such as sihcon-imn alloys (Untiron, ironac, duriron, 
etc.), fused silica, acid-primfearthenware, (“tc., have been widely 
introduced in constructional dt tails ol acid plant. 



The main problem now before hydrochloric acid factories is not so much the 
condensation of all the HCl fumes, but how to condense them in such a manner 
as to yield only Strong acid (the only sort saleable), and by the method first 
described the condensation is now so perfect that it is possible to recover some 
99.27 per cent, of the evolved IICl, mostly in the form of strong acid of 21° Be. 
The strength of tlie produced aqueous acid depends upon the concentration of the 
gas and the temperature at which it enters the absorbing water. 

For example, a 100 per cent. Ip) volume IICl gas at o” C. gives an aqucp'us acid containing 
45.2 per cent, by weight HCl : while a 5 per cent. HCl gas under the same conditions will only 
yield an aqueous add containing 36 per cent, liy weight HCl (22" He.), and a 10 per cent. HCl gas 
(by volume) will only yield a 39 per cent, by weight HCl solution (24" Be.). 

As the temperature of the entering gases incrcase.s, so also the strength of the obtainable acid 
decreases. E.;;., a 5 per cent, by volume HCl gas at 20° C. will only yield an aqueou.s acid containing 
33 pet cent. HCl by weight (20" fie.). > 

The conditions affecting the condensation of HCl have been described at length by F. flutter 
{J, Sot, C/iem. /«</., 1885, 639: 1887, 707 ; 1893, 226) and the reader should consult these papers 
for further infornnation (see also I.asche, Z. Chem. (1894), 6, 610: Lunge, same journal, 

P- 6'S); 

The problem of the complete condensation of the HCl gases evolved in the 
manufacture of salt cake is first of all complicated by the fact that these gases 
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contain very variable amounts of HCl. E.g., the HCl gases from Hargreave’s and 
the “open roaster” furnaces may contain much less than lo per cent, by volume 
of HCl. Secondly, the cooling down of the gases during the condensing process 
is rendered difficult by the fact that when the gas dissolves in water it evolves much 
heat, so that as the cold absorption water is forced against the current of hot gases 
it rapidly becomes heated, and so does not dissolve the maximum amount possible 
of HCl. However, the introduction of modern pumps made of stoneware, ebonite, 
or acid-resisting iron now enables the manufacturers to pump the liquid in a 
continual stream through the condensing system, and so they can ultimately obtain 
an acid of 20° Be. even out of weak HCl gases, such as are evolved from Hargreave’s 
process. The introduction of these acid pumps betokens a great advance on the 
old system of manufacture. 

The acid is best elevated by acid pumps or elevators as described on p. 231, under Sul* 
phuric Acid. 

The acid is abo elevated sometimes in “eniulsators," where it is blown mixed with compressed 
air in the form of a holh from one vessel to another. The old acid “ettp” (hig. 4) still maintains 
its position as a simple acid elevator but is vety wasteful compared with “ elevators” and arid pumps. 
Compressed air foiccd in at c forces the acid contained in the tc.s.sel up the tube al>. 

These “eggs” are soiiietimes made of strung thick-walled stoneware, which, however, i.s 
liable to fracture undei a sudden accidental blow. 

Casing iron with ebonite is efticient but very cixstly. ].ately there have been placed on the 
market non-corrnding iron alloys such as “tantiron,” “ ironne,” etc., often made of iron mixed 
with silicon and other components—which are stated to be extremely efticient. as regards their non¬ 
corrodibility and their strength. J-'or Hl'l.aq., however, it is always best to use proper acid pumps 
for elex'iiting. 

Transport and Storage. —'I'he acid is usually transported in largo glass 
“carboys” or in stoneware vessels some i-i| m. high. Occasionally ebonite- 
lined iron vessels or vessels made of guttapercha have been used. HCl is now 
being transported in railway tank waggons lined with specially prepared waxed 
wood. 

One of the great difficulties of the industry has heeti the ex{>ense of the vessels necessary for 
storing large quantities of HCl for any length of time, all the more so as more hydrochloric acid 
is made than is requiied in industry and so the price is low. The cause of this is the fact that 
there is a great demand for sodium sul} hate, and the accompanying HCl simultaneou.sly produced 
more than suffices for the demand for the acid. 

Where h}dr«iehloric acid is required in places remote fiom alkali works, it is usually manufactured 
by the action of sulphuric arid upon salt in special cast-iron cylinders fitted with sandstone (it)ors. This 
acid is condensed as already described. Ii is usually much purer than the acid from alkali work.s 
and is known in the trade as cylinder acid in contradistinction to “tower” acid which contains 
more sulphuric acid. 

Good commercial cylinder acid should not contain mure than 0.5 per cent, of 

Purification of the Acid. —The purification of the acid from the various 
impurities which it contains (eg., arsenic, sulphuric acid, SO.„ iron chloride, etc.) 
is usually carried out in special factories. 

Arsenic is detected by means of Marsh’s test or by adding stannous chloride, 
which produces a dark precipitate of arsenic. Arsenic may be removed by adding 
stannous chloride, settling the precipitate, and redistilling the liquid. Arsenic-free 
HCl is best obtained by employing arsenic-free materials to start with, but it is 
often removed technically in great parts by washing the acid with tar oils. Sulphuric 
acid is detected by adding BaClj solution to the dilute acid, when a white precipitate 
of BaSO, is produced if it is present. Sulphuric acid is largely eliminated during 
the process of condensation,.but may be completely removed by adding the proper 
amount of BaCl.j and distilling. 

Sulphur dioxide, SOj, is detected by adding zinc to the diluted acid, when 
sulphuretted hydrogen, H^S, is given off and is detected by its blackening effect on 
lead acetate paper. , Free iodine is found by adding K1 and starch solution to the 
diluted acid, when a blue colour i.s produced. 
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The complete purification of the acid from these impurities is a matter of great 
difficulty, and where pure acid is essential it is easiest to start with pure sulphuric 
icid and pure salt, and thus exclude the foreign impurities. When chemically pure 
HCl is required it is usually distilled in platinum stills. 

Technical* Uses of Hydrochloric Acid.— In England the main use of concentrated hydro¬ 
chloric acid is for making chlorine for the manufacture of lileaching powder, chlorates, etc. The acid 
sold is usually 20“■22° Be., acids weaker than this scarcely getting a market. In Germany and 
also in Great Britain large quantities of concentrated hydrochloric acid are absorbed in the colour 
industry, metallurgical industries, and lor very many minor industrial pur]Mseh. For example, 
dilute IICl is largely used for purifying coke, iron ores, clay, for regenerating exhausted animal 
charcoal, for preparing CO^ in the aerated water industry, for ‘‘pickling” sheet iron in the 
galvanising industry, so as to remove rust and leave a clean surface for the zinc to adhere to. Also 
for the manufacture of certain chlorides, in making pottery, and in numerous other things as well. 
One curious application may be mentioned, viz. t the making of freezing mixtures of concentrated 
IlCl and snow, or sodium sulphate. 

The acid is also used in analytical chemistry as a solvent, and for titrating purposes. “Aqua 
regia ” —a mixture of HCl and UNO,,—is also "made for dissolving gold and making gold chloride, 
which finds consideri'hle use in photography. 


Properties of Aqueous HCl. —'J'he pure concentrated aqueous acid is a 
colourless liquid fuming strongly in air. One volume of water at o" absorbs 503 
volumes of HCl gas. The following table due to Roscoe and Dittmar (Journ. 
Chem. Soc., i860, 128) gives the weight of gas absorbed by i g. of water at 
different temperatures;— 


Ti-mpeia- 

tiirf. 

Grams HCl 

Tcnippra* 

ture. 

Grams HCi 

Tempera¬ 

ture. 

Grams HCl 

Abs'trlied by 

I g. H« 0 . 

Absoibt'd by 

1 g. HaO. 

Abhorbed by 
I g. H^O. 

O' 

- O.S25 

24" 

- 0.700 

44' * 

- 0.618 

4 " - 

• 0.804 
- 0.783 

28' 

■ 0.682 

48' 

- 0.603 

S' 

32 

• 0.665 

52’ ■ 

- 0.5S9 

T 2 

• 0.762 

30“ 

qo’ 

O.Oqq 

56' - 

• 0.575 

lij' 

• 0742 


60' 

- 0.561 

20' 

- 0.721 






When HCl dissolves in water, 17,314 calories are evolved per gram-molecule of 
HCl dissolved. The composition of the aqueous acid changes when boiled, 
according to the temiicrature and pressure employed; but corresponding to a 
definite pressure a con.stant boiling mixture of HCl and water is obtained. ' The 
aqueous acid which boils unchanged at 110° C. at 760 mm. contains 20.24 per 
cent. IK.'l (Roscoe and Dittmar, toe. at.). K w'eaker solution when evaporated at 
ordinary pressures concentrates to this strength. A stronger acid loses HCl and 
.also attains this strength when evaporated. 

The following table gives the specific gravity of solutions of aqueous hydro¬ 
chloric acids of given strengths, as given by Lunge and Marchlewski (ZrrV. 

Chem.. 1891, 133). 
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Specific Gravity of Pure Hydrochloric Acid Solutions at 15° C. 
(Reduced in Vacuo), after Lunge and Marchlewski. 


kjo Pans by Weight Correspond to the 

Following Amount of Pure Acid i l.itre Contains in Kilogrammes. 
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SECTION XXIV 


THE MANUFACTURE OF SODIUM 
SULPHATE (SALT CAKE) 

Ky Ckciffkf.v Martin, D.Sf., I'h.l). 
l.rnCRATURE 

Luni.Fh.—" Sulphuric Acid and Alkali." lyi.l. 

'F. Mf.VI'.k.—" Sul fill iind Sal/siurc." 1907. 

(MNsiDiiKAHi.ic (U'posihs (if natural sodium sulphate occur in Persia (near Tiflis), 
in the Kara-lioghas Clulf of the Caspian Sea, at Tomsk in Siberia, and some other 
places. ,\lso many inland seas contain considerable amounts in solution, 
especially the Owens Lake in California, whose waters contain some 11 g. of 
sodium sulphate per 1,000 c.c. 

However, for industrial {lurposes, the substance is almost always (in Europe 
at least) obtained from common salt by two main processes; (i) by treating with 
sulphuric acid (salt cake process), or (2) by the SO,., air, and steam (Hargreave’s) 
])rocess. 

Small amounts are also obtained as a by-|)roduct in the Stassfurt Salt Industry 
(which seel 

I. Salt Cake Process. -The salt used is either broken-up pure rock salt 
(where this is available), or else salt coarsely crystallised. The sulphuric acid used 
is usu.ally “Glover” acid, of 58‘-62“ Be. The decomposition occurs in two distinct 
stages:— 

ti) Nat'l -F II..S(), - NalLStb + Hl'l. 

(2) NaCl + NallSOj = Na^SO, + IICI. 

The first reaction begins at ordinary temperatures, whereas the second is only 
completed at a red heat. The final product is called “ salt cake.” 

Figs. 1, 2, 3 show the ordinary s.alt cake muffle furnaces (“blind roasters”) 
employed. 

Figs. I and 2 show a vertical and horizontal section through the furnace, 
while Fig. 3 represents a horizontal section through the lower flues of the furnace. 
^,is the large cast-iron “pan,” usually some 3 m. in diameter, some 60 cm. deep, 
and made some 16-18 mm. thick. It lies with a flange round the edge resting on 
the stonework of the furnace. 

(fcsxl iron “jians” will stand several thousand charges U-f*re being burnt through. However, 
they must be composed of cast iron of the proper composition, containing a high perceritage of 
chemically-combined carbon, but only small amounts of uncomhined carbon (graphite) and silica, and 
be of uniform composition throughout (otherwise some [arts will corrode more (juickly than others). 

The vaulted roof of this part of the furnace is built of acid-proof materials, and 
is provided with an outlet tube /„ of acid-proof earthenware,* iron alloy, or fused 
silica, for the escaping HCl gas. 
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The salt is introduced into the pan through the opening 4 (Fig' ttnd the proper 
amount of sulphuric acid is poured upon it through a leaden tube (not shown), 
when HCl gas (“pan gas") is at once evolved, and the following action takes 
place;— 

aNaCI + HjSO, = NallSO, + NaCl + HCl. 

When the evolution of HCl has almost stopped, the iron sliding door k is raised, 



Kn:. I. -Sail Cake Mulfle Kurnacc—Elevation. 



Fi»i. 2.--Salt Cake Mulfle Furnace—Horizontal Section. 



and the mass is transferred into the muffle furnace (blind roaster) e, being 
spread over the floor by means of the doors This muffle is composed of 
fire-clay or other acid-proof material, and is gas-tight although fairly thin walled. 
In this blind roaster the mass is raised to a high temperature by the hot gases 
playing round it from the furnace a, and the following change takes place;— 

NaCl + NaHSOj = HCl s NajSOj. 
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The HCl gas (“roaster gas”) escapes through a sandstone pijie Vj, the HCl gas 
here escaping being kept separate from the HCl gas (pan gas) coming from the 
^'pan through t.^. The product in the muffle furnace must be constahtly raked and 
stirred. 'J'he heating must not be so intense as to cause the finished sulphate to 
melt, and this regulation of the temperature is secured by allowing the hot gases 
coming from the two fireplaces a a (Fig. 2) to first pass right above the muffle 
by r„ then vertically downwards through q, then again horizontally beneath the 
muffle through qq, qq, finally passing by q beneath the pan and heating this 
somewhat, the gases finally escaping through and d^ to the chimney 

stack. 

In the early years of the process open hearths were used, in which the flames from the fire played 
directly on to the mass placed on the hearth. The yield of these “open" roasting furnaces was 
greater than that of modern muflie (blend roaster) furnaces, and they were also more economical 
of coal. However, “open hearth” furnaces of this constructiin have now been almost entirely 
abandoned on account of the difficulty of condensing the HCl gas (which was thus mixed with the 
gases from the fire), and the impurities in the gas when condensed were very marked. Moreover, 
the “ condensing ” arrangements Itecainc choked up with dust from the fires. 

The hot product, still emitting HC^l gas, is finally raked out into iron 
transport vessels provided with lids, and standing immediately in front of the 
furnace. The product called “ salt cake ” is contaminated with iron, and is 
usually ground up. Meanwhile a fresh charge of salt is placed in the pan, and 
the operation repeated. 

An average furnace works per day some twelve charges of 500 kg. sodium 
sulphate or salt cake. 

For certain purposes “iron free” sodium sulphate is required—for making 
plate and mirror glass—and for this sirecial sulphate the cast-iron pans are 
replaced by long leaden pans, made out of thick-walled lead, rectangular in 
section, and often some 5-8 sq. m. in area. These are very costly, and unless 
the firing is carefully adjusted they can be permanently damaged by melting 
under the heat applied. 

Mechanical Salt Cake Furnaces.— Many atterajits have been made to 
carry out the manufacture of salt cake in mechanical furnaces. Mactear’s revolving 
furnace consists of a circular revolving bed covered with a fixed arch, between 
which and the bed the hot furnace gases stream. A mixture of salt and acid are 
continually fed into a. large basin in the centre of the hearth, where the ingredients 
mix and react according to the equation :— 

NaCI -f HaSO, = NaHSO, + HCl. 

The .nass overflows into the outer portions of the revolving floor, and are then 
highly heated by the hot furnace gases. Fixed stirrers continually mix the mass 
and gradually work it to the circumference over which it drops. The action is 
thus continuous, and the HCl gas evolved at a constant rate. It is claimed that 
in spite of the fact that the HCl gas is mixed with the whole of the furnace gases, 
the condensation is more readily effected and a more concentrated acid obtained 
than with the ordinary process. 

Where mechanical furnaces, however, have not to any great extent displaced 
the ordinary furnace above described, except in one case—and that is the manu¬ 
facture of sodium sulphate by heating the acid sodium sulphate (obtained as a 
by-product in the manufacture of HNO3 from Chile saltpetre, NaNOj) with salt, 
NaCl—the' salt and the NaHSO^ are both ground, and thoroughly mixed in 
circular flat enclosed ovens, made of special acickresisting cast iron, and provided 
with stirring apparatus at the centre. The w'hole oven is enveloped in the hot 
gases coming from a furnace, and so the temperature of the whole is maintained 
at about 700° C. (above this the iron is strongly attacked by the HCl). The stirrers 
work mechanically with a raking movement from ihe centre, and continually mix 
the mass and urge it towards the periphery of the cirsular floor, where it is 
rejected as Na2S04. See Fig. 4. 
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The IICI gas is evolved in great purity and in a very concentrated form (30-35 per cent, by 
volume). At Mannheim in 1909 these mechanical furnaces were used to obtain a pure arsenic-free 
HCl gas, which, after freeing frt)m HyS04 dust in Cellarius condensers, is then led directly into 
the contact apparatus f<»r I)eacon’s process for manufacturing chlorine, thereby reducing this latter 
process to its original simple form (see “Deacon's Process,” p. 363). 

2. Hargreave s Process for Manufacturing Sodium Sulphate.— This 
process dispense.s with the manufacture of sulphuric acid. It depends upon the 
fact that although pure sulphur dioxide gas (SO„) of itself does not decompose 
salt, yet a mixture of SO.,, air, and steam will in time completely convert salt into 
Na^SOj. The SOo reacts with the NaCl to form a little sulphite, which is then 
immediately at a temperature of 500° C. oxidised in the presence of air to sulphate, 
so that ultimately the following equation is realised:— 

zNat'l + SO, I O + 11,0 = N.USO4 + 2IICI. 



P'n.. 4.—Mechanical Salt Cake Furnace. 


The hydrochloric acid is separated from tne evolved gases by passing them 
into hydrochloric acid condensing towers. 

The salt is moistened and pressed into rakes of about half a brick in size, and 
then dried so as to form a porous cake. It is then placed in the kilns. These 
were (and sometimes still are) built of brick, so arranged that each kiln can be put 
into communication with its neighbtmr, and each separately heated with a fire. In 
the best practice, however, some ten large cast-iron cylinders some 5J m. in 
diameter by 3.7 m. in height, are connected up in two rows of five cylinders 
each to form a “ cylinder battery.” They are then filled with the dry porous 
cakes of salt, and the hot gases from the pyrites burners (such as are used in 
chamber sulphuric acid works), mixed with an equal volume of air and some steam, 
are led into the cylinders from above downwards, the fresh entering gases from the 
furnaces being led into that cylinder in which the process is most nearly completed 
(r.c., containing much Na^SO^ and little NaCl), while the end gases, from which 
most of the SO^ has been absorbed, are led into a cylinder filled with fresh NaCl. 
In general some eight cylinders are in action at once, the other two being placed 
out of action for emptying fiom the formed NaoSO^ and refilling with fresh NaCl. 
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Each cylinder holds about 50 tons of salt, and its complete conversion into sulphate 
i requires about three weeks. The action proceeds best at a temjjerature of 500° C. 
Consequently each cylinder is fitted into brickwork and provided with a fireplace 
so that the whole cylinder can be externally heated. The first and last cylinders 
of the series are thus heated, but in the intermediate cylinders the action proceeds 
with the evolution of sufficient heat to maintain them at the proper temperature 
without the aid of external heat. In fact sometimes cooling of the intermediate 
cylinders is necessary since if the temperature gets beyond 600" C. the mixture of 
salt and formed sodium sulphate will fuse and so destroy the efficiency of the 
cylinder. 

Pure salt fuses aliout 780“ C.. pure sodium sulphate at 860^ C'., while a mixture of the two at 
a lower temperature than either component alone, viz., at Coo“ C. 

The gases are drawn off from the last cylinder of the series by means of a 
porcelain or earthenware exhauster. They contain about lo per cent. HCl by 

volume, and after passing through cooling pipes, are led directly into the HCl 

condensing towers. 

It should be noted that according to the c()ualion ;— 

SOo 2N.1C! F O -1 Il.p =. Na.S()i + 2IICI, 

each volume of SOo ])roiluccs double its volume of H(’l gas. A battery, such as lluii dcscril^ed 

above, will yield some 7,000-7,500 tons of NaoS04 per year, but the whole process requires very 
careful adjvisting of the temperature, entering gases, etc., etc. 

The great disadvantage of the process is the length of time required for the complete conversion 
of the s.alt into sulplialc. 

However, the process has been worked successfully in a great many factf)ries in England since 
1872, also in France and (Jennany. 


Properties of Sodium Sulphate. —Anhydrous sodium sulphate (Na.>S04) 
is known as salt cake, enormous quantities being yearly produced by one or 
other of the processes above described. (The annual output is estimated at 
360,000 tons.) 

C'looil I 'chnical salt cake may contain up to i per cent, free ILSO,, o.i per cent. Fe, and 
0.3-0.5 per cent. NaCI. However, if the substance is to be used foi making mirror, plate, and 
other special kinds of glass, it must not contain more than 0.01-0.02 per cent, of iron, and so must 
be made from iron-free materials in leaden pans (sec above). 

In order to purify technical sulphate it is dissolved in water, and after the 
iron has been precipitated by the addition of calcium carbonate, the solution is 
evaporated and allowed to crystallise out in the cold, when it separates as 
“Glauber’s salt” (Na-^SOj-ioHjO). Should the crystallisation be carried out in 
a boiling solution the sulphate separates out as anhydrous sulphate (Na.,S04). 

100 pails of water dissolve the following quantities of sodium sulphate, calculated as Na4S04:— 
Temperature ■ 0° 10° 20’ 30° 34° 40'' 50“ 60" 70° 80” 90° 100° 105°^ 

Na4S04 dissolved - 5.02 9.00 19.4 40.0 55.0 48.8 46.7 45.3 44.4 43.7 43.1 42.5 42.2 

The hydrate Na.,S04ioH20 when in solution passes over into the anhydrous 

form at about +32*C. The solubility increases from o” to +32“ C., and there¬ 

after decreases. The saturated solution boils at 103.5° C. 

If ordinary Glauber’s salt (Na2S04ioH20) be exposed to the air or is heated 
it loses water and goes into the anhydrous salt. “ 

Heated on charcoal or in the reducing flame, sodium sulphide (.NBjS) is formed 
(see below). 

Sodium hydrogen sulphate, sodium bisulphate, may be prepared by 
mixing equivalent quantities of Na2S04 and H2SO4, and evaporating at a tempera¬ 
ture over 50° C. 
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Sodium sulphide (Na„S) is prepared on a large scale by melting sodium 
sulphate with coal in large “ open ” roasting furnaces, similar to those formerly 
used for making sodium sulphate. The hearths are made of “ basic ” lining, and 
rapidly attacked by the hot mass. The mass first melts to a thin mobile fluid, 
and CO gas bursts forth all over the surface and burns. As the heating- proceeds, 
however, the liquid becomes somewhat more viscid. The mass is allowed to cool 
and the reddish solid is crushed into coarse fragments and lixiviated with water. 
The clear solution is evaporated, and allowed to crystallise out. The salt comes 
on the market in deliquescent crystals (NajS + gHjO), containing some 30-32 per 
cent. Na„S. The crystals are sometimes dehydrated and come on the market in 
a concentrated form, containing some 60-65 POt c^nt. Na^S. However it is not 
possible to completely dehydrate the substance. 

Sodium sulphide (Na.,S) is u.sed on a large scale for making “sulphur” dyes (see Mate's 
“ Industrial Chemistry: Organic ”); it is also used in tanneries lor removing the hair from skins. 
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SECTION XXV 

GENERAL SURVEY OF THE 
SODIUM CARBONATE INDUSTRY 

.By Geoffrey Martin, D.Sc., Ph.D. 

General Survey 

Natural Sodium Carbonate is found encrusting the soil in parts of Egypt, 
being produced, no doubt, by the weathering of the sodium sulphate left by the 
drying up of old Egyptian lakes and seas. 

This sulphate (NiuSO,) is rediirccl to sodium sulphide (Na^S) hy the action of certain fungi and 
algie. Cd.., in the soil and atmosphere then conserts the into NagCO,, with evolution of Hg. 

A considerable amount of this natural soda, called “Trona,” is even at the 
present time collected. It has the composition Na.C03 +NaHCOs+aHgO, 
mixed with salt. Other deposits of natural soda occur in California, Mexico, 
Persia and other tropical lands, the carbonate actually separating in a crystalline 
form from numerous tropical “ soda ’’ lakes and seas in the dry season, also from 
the Caspian Sea and the .Araxes. 

One of tl.i“ most remarkalile de|H>sits natural .sorla occurs in the Owens Luke, California, the 
walersF of which cinilain per litre 31 g. Na./X)j, 11 g. Na^SO,, and 31 g. NaCl. Some 20,000,000* 
50,000,000 t‘)ns of Mula are esiiinated to l>e here stored up, and the exploitation of this source 
has already ctmimcnceil. 

Early in 1911 a company with a capital of ;^i,3i2,5oo was formed to acquire a ninety-nine years* 
lease of and to develop the ileposit of natural soda covering some 30 m. miles known as Lake 
Magadi, in the British East Africa Protectorate, to connect same with the Uganda Railway, 
about 100 nul-s, and to build a pier and approaches at or near Kihudini. British East Africa. 

The deposit is said to contain some 200 x 10** tons of soda, of which 40 x 10® are in the upper 
layers. 

Refining works are now under construction in Lancashire. 

It is proposed to produce some 50,000 tons per annum. 

The de}K>sit is remarkably pure. Sodium sulphate is the mother substance of Egyptian soda; 
however, some depo.sits of natural soda undoubtedly arise from the decomposition (by atmospheric 
COj) of sodium silicates, silicic acid being set free and sodium carbonate formed. 

For many years the ashes of seaweed and of wood formed the chief European 
sources of potash and soda. But the great demand for cheap soda for making 
soap for the cotton industry caused Leblanc in 1791, with the assistance of Dize, 
to invent the process for converting salt into soda which now bears his name. 

The process consists, essentially, in heating salt with sulphuric acid, thereby 
converting it into sodium sulphate. The sulphate is then ignited with calcium 
carbonate and coal and is thereby converted into sodium carbonate, 

l^eblanc, the originator of one of the world’s greatest chemical indferies, which has given us 
cheap soap and cheap glass and has poured directly or indirectly untold wealth into numerous lands, 
did not meet with any reward in his lifetime. He died, hy his own hand, a ruined man in the 
madhouse of a workhouse in 1806 ; some fifteen years before he had woA the prise offered by the 
French Acad.my (1791) for the best method of converting salt into soda. 
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In France political troubles prevented the development of the soda industry. 
It was Muspratt in England, who in t824, after the repeal of the salt tax, built the 
first Leblanc soda factory, and thus created the great chemical industry of to-day. 
Thus, a supply of cheap sulphuric acid in large quantities is one of the first 
essentials of the Leblanc irrocoss, and so the enormous sulphuric acid industry of to¬ 
day owes its origin to the lyeblanc process; next, the production of excess of hydro¬ 
chloric acid, as a waste product, in the salt cake furnaces called into existence the 
chlorine industry and the manufacture of bleaching powder; so that a group of 
inter-connected chemical industries sprang up in England soon after 1824, and for 
more than fifty years English manufacturers and merchants controlled the world’s 
markets. Great soda factories sprang up everywhere in the neighbourhood of the 
salt and coal deposits, especially at Ncwcastle-on-Tyne, Glasgow, Widnes, and St 
Helens in Lancashire. 

In 1866 Solvay introduced his “ammonia soda” process, which was the 
beginning of a new era for chemical industry. No sulphuric acid is necessary in 
this process for making soda, and no hydrochloric acid is generated; moreover, this 
process allowed the production of sodium carbonate at much lower cost than the 
Leblanc process. 

(Consequently between 1870-1875 the price of sodium carbonate declined from 
^13 per ton to only “f f*'® preserrt time the Leblanc process is not 

remunerative, so far as the sodium carbonate is concerned, being mainly kept going 
by the value of the produced hydrochloric acid (which is required in the bleaching 
powder industry), the recovered suljrhur, and other products. 

A new era in the industry began in 1895, whcir the alkali chlorides began to be 
electrolysed on the large scale for the manufacture of chlorine and caustic 
alkalies, and it appears that this new process must gravely threaten the Leblanc 
process. Indeed the Leblanc process, owing to the competition of these cheaper 
processes, has ceased to be worked in most countries. Several large Leblanc 
works are still operated in England, and two in Germany, but it remains doubtful 
whether they can hold their own in spite of great improvements in plant and 
process, and the amalgamation of the various interested parties in the “United 
Alkali Co.” We must remember, however, that the Ixblanc process vvtirks in with 
the wet copper process, with CS^ manufacture, and various other important 
industries. However, the enormous supplies of sodium carbonate formerly con¬ 
sumed by the glass industry have been now largely replaced by the use of the 
chdaiier sodium sulphate. As a consequence of this, the first part of the Leblanc 
process, namely, the formation of sodium sulphate (salt cake) by the action 
of sulphuric acid or salt, has actually increased of late years. It is only the second 
part of the process—the calcining of this sodium sulphate with coal and limestone 
—that has decreased, subjected as it is to the competitive action of the ammonia 
soda process. 

The ammonia soda prtxiess has made rapid headway during the last thirty 
years, and at the present time it is practically the only sodium carbonate process 
worked on the large scale in the United States, France, Helgium, and Austria. In 
Germany it is the main process worked for the production of sodium carbonate, 
the Leblanc process in Germany being in a very threatened condition, only two 
factories in 1909 (viz., at Stolberg and at Heinrichshall) now working the l.eblanc 
process. 

'I'he ammonia soda process is not threatened to any great extent by the growth 
of the electrolytic processes for making caustic soda and chlorine, because the 
amount of sodium carbonate and alkali required for industrial purposes is far 
greater than the amount of chlorine and bleaching powder required, so that even in 
the event of the electrolytic processes completely covering the world’s demand for 
chlorine or bleaching^powder, the yield of alkali then produced would only be 
a small fraction of that which is necessary to commerce. 

To sum up, it lyould appear that three main processes will continue to be 
simultaneously worked on a very large scale, viz..— 
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1. The salt cake process (viz., NaCl + H^SOi) for making sodium 

sulphate and hydrochloric acid. 

2. The Hargreave’s process for the same products also seems well 

established. 

3. Thf ammonia soda process for sodium carbonate, sodium bi¬ 

carbonate, and caustic soda. 

4. The electrolysis of alkali chlorides for caustic potash, caustic soda, 

and chlorine. 

On the other hand the calcining of the sodium sulphate with limestone a id 
coal (second stage of Leblanc process) ultimately may be abandoned completely. 

Statistics 

Omntinjj together the smlium carhoiiate, hic3ilx)nat(* and caustic sticla, llie following figures 
sliow the world’s priKliuMion in these chemieaK in 18X4. 


1S84. 



Lehi.iiic Soda. 

Ammonia Soda. 


'ton, i 

Trms. 

' Kiiglaivl 

3X0,000 1 

52,000 

(lernmny 

56 , 5 (x) 

44,000 

; ]• ranee • 

7o,o(X) 

57,000 

1 Umteil St.ile-v 


1.100 

; Austria-liung.iK 

39,000 

1,000 

' Russia ' 



' Belgium 


X.ooo 


54.S.500 

163,000 


Leblanc Soda. 

Ammonia Siwla. 

Total 

70S, 

,500 


In 1903 Stdv.u v'-vtiiiuted the uoiUr’s pioductifjn of soda as 1,750,000 tons— 1,600,000 t*f which 
being produced hy tlie ammonia sotla process and only 150,000 tons by the Leblanc process. 

In 1908 Lcfksius pul llie world’s production at 2,ooo,(X)0 tons, only 100,000 of which being 
made by the la'blanc process. 'Hus quantity shows a consumption .stHla of 1.3 leg. per head of 
population lliroui^hout the world. 

The (•erman net export, 1909 (attei subtracting the slight import), was as follows :— 

Soda (princqwll) calcined) 

BicarlKuialf - 1,200 

('auslicsodu - ■ - 8,280 

Sixlium sulphate - - - 6‘>,5oo 

Na.jS and K.jS - 7,000 


- 57,400 tons at 90 mar'v 
215 

215 

30 ,, 
rOo 


The total value was pul at 10,200.000 inarks = ;/^5lo,ooo. 
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SECTION XXVI 

THE MANUFACTURE OF SODIUM 
CARBONATE AND CAUSTIC 
SODA BY THE LEBLANC 
PROCESS 

LITERATURE 

LuNt.K.—“Sulphuric Acul and Alkali.” 1913. 

“ Lorlschrittc in dcr Fabrikaliun der Anorg. Sauren, der AlkaUen» u.s.w.t 
18931905.” Berlin, 1905. 

Dammak.— “Chemischen Tcchnoh-^ie.” 1895. “Cliemische Technologic der Neuzcit.’ 
1910. 

Ullmann.— “ Kn/.yklopadie dor technischon cheniic.” 1914. 

Thokpk.—“D id. of Applied ('hemistry.” 1913. 


Manufacture of Sodium Carbonate (Soda) and Caustic 
Soda by Leblanc Process 

This process consists in melting together sodium sulphate (salt cake), coal, or coke, 
and limestone or chalk, when the sulphate is reduced by the carbon to sodium 
sulphate, which then reacts with the calcium carbonate (chalk, limestone) to yield 
sodium carb mate, as shown by the equations:— 

Na..SOj + 2C = Na.,S + 2C0.^ (also CO is formed) 

Na.S + CaCC); - NajCO^ + CaS 

The calcium sulphide (CaS) formed is insoluble in water, so that in order to 
isolate the sodium carbonate all that is necessary is to lixiviate the mass with water. 

In practice a considerable excess of limestone and coal is employed, so that 
much free CaO (calcium oxide) is formed, thus;— 

CaCO. = CaO + COj. 

When this mass is then slaked with water calcium hydroxide is formed with the 
evolution of heat (CaO + H^O = CafOH),) which then reacts on the sodium 
carbonate to produce caustic soda, thus;— 

NaX'O,, + Ca(OH)„ = aNaOH + CaCOj. 

This procedure greatly aids the rapid lixiviation of the mass with water, and 
indeed at the present time the English Leblanc factories prefer to work the mass 
solely for caustic soda as it is cheaper and finds a readier sale among soap makers. 

Melting Process. —loo parts of sodium sulphate (salt cake), 90-120 of 
calcium carbonate in the form of limestone or chalk, and 40-80 of carbon in the 
form of “slack” or powdered coal are heated together in a furnaee. It is 
important that the calcium carbonate should be as pure as possible and that the 
sodium sulphate (salt cake) should be of good quality. 

Fig. I shows an old “open” roasting furnace (“black ash furnace”), still fairly widely 
used. It is provided with two hearths made of dre-fast bricks, embedded witli kuortar in a layer 
of stamped clay. The mixture of sulphate, coal, and limestone is first placed on the- hearth 
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A, where it receive*' a preliminary healing. It is» then raked forward lo ihc hotter hearth B, 
and here healed to briglit redness. Tlic mixiure first melts to a thin fluid ma^s, then 
becomes pasty, and (.lOj gas is copiously evolved. Towards the end of the reaction, little jets of 
burning CO gas, known as “ candles,” burst forth over the surface of the fluhl mass. During the 
whole process, a workman continually takes and mixes the fluid mass by means of long arms 
inserted through a side dooi in the furnace; and when the mass reaches the right consistency the 
charge is withdrawn into iron boxes standing just below the furnace. It re»juires some e\j>erience 
lo know when lo withdraw the charge, for if the heating w coniinue<l loo long, not only is sodium 



Flc. I. Old T\pc “Open” Blaik .Vdi hunuce. 


oxide (NaX.)) formed (which leacls with the CuS present lo legenciate Na..S and bul also 

the mass liecomeshard and non-porous, and so tlitlicull lo lixiviate wilh water. The product at thii* 
stage is known as “ black ash.” 

One of these furnaces lakes a charge of some 150 kg. soilium sulphate (sail cake), and the 
operation is complete in about fifty minutes. The waste heat from the furnaces is usually ulihseil in 
evaporating the crude soila dilution obtained iiy iixi\KUion (as de.sciilK‘d below), i> being an iion 
tank containing the soda solution, over the surface t)f which tlie hot gU’.cs from the surface stream. 



Tkj. 2 .—Retolving Black Ash burnaie. 


'fhe larger xvorks, however, now usually enii)loy large, inechanleal, revolving 
black ash furnaces, shown in Fig. 2. 

It con.sists of a large, hori/ontal, slowly revolving cylinder, some 10-15 
diameter, and 15-20 ft. long, made of boiler plate, and routed internally with 
fire-fast bricks or clay ; an opening c serves either to fill or em[)ty the cylinder. 
The hot gases and flames fr«ni the furnace d play through the interior of the 
cylinder as showm, and so uniformly heat the contents to a higli temperature; 
the rotation of the cylinder (at first slow, but afterwards to 5-6 revs, per min.) 
thoroughly mixes the charge, and brings every portion under action of the flames. 
The hot furnace gases escape at and are utilised for evaporating the crude soda 
liquors from the lixiWating tanks as described in the open black ash furnace. 

a and b are two steel bands on which the cylinder rotates, resting on tlie 
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friction wheels f,f. The whole is rotated by the massive cog-wheel g, the power 
being supplied by a steam engine. 

‘ The usual charge for a revolving black ash furnace of this type is 2 tons of 
sodium sulphate (.salt cake), 2 tons of crushed limestone, and i ton of “ slack ” 
or powdered coal. The process is carefully watched by experienced workmen, and 
as the long yellowish green flames of carbon monoxide make their appearance, the 
operation is comiilete, and the cylinder is revolved until the opening c is just over 
an oi)en iron truck. The door of the opening c is released, and the fused contents 
of the cylinder arc discharged into the iron truck placed beneath. This truck 
runs on rails, and is drawn forward by means of an iron chain. As one truck fills, 
it is drawn forward and replaced by another, finally the furnace is recharged, and 
the operation rom))leled. 

The whole process must ht* carefully conlrollcil by experienced workmen, as U-to long or loo 
shorl a period of heating will sjxiil the }ield. 

Process of Lixiviation. — I'lic black ash so obtained consists of 39-45 
per cent. Na/X).., 27-31 per cent. ('aS, 9-11 per rent. TaO, and about 5-6 per cent. 



ol unaltered coal, together with small amounts of unaltered Na.,SO^, NaCI 
and silicates. 

hig. 3 slittw's Shanks peiccss of lixiviation, ihe system which is now generally employed. 
A, n, r. n a;e .i number of iron tanks (4-6), all of tlie same height, each provided wilh an inlet 
lulje 1- for waier, and wilh a sieam-))ipe 1 for blowing steam into each tank willi the object of 
n».iintaineig ho tom)veralure of the contents of each lank at alvout 50“ C., thereby aiding the 
solution, r.. ..c, areoutlct taps for running off the lifjuid contents of the several tanks. Each tank 
is also [frovided with two overflow pipes 1 and ii, and w’ilh a false bottom of sieve-like or perforated 
nature. 

Ihe marsely broken up black ash is placed on the perforated false liottom of all the tanks 
except «ine (which is ]jut out {>f action for the purjKisc of emptying from extracted residues or foi 
filling up will) a tresh cliarge), and fresh water is allowed to flow from the water pipe k into the 
lank A, fdled with black ash which already has l)cen almost completely extracted. This incoming 
water floats upon the s|x‘eifically heavier NaX’O., solution in the lK)ttom of the lank, and causes the 
liquid to flow through the overflow pipe H into the secoml lank ii, where a still stronger solution of 
NaXOjt is found. Here the same )>rocess continues, and so a stream of fluid of gradually increa.sing 
concentration flows in succession from one lank to another, until it rcache.s, &av, the tank c filled 
wilh fresh black ash. Here the overflow jiipe H is shut off, and so the .saturated solution escapes 
by the overflow jiipe V into the channel 1., and is lun off into the evaporating tanks. In the mean¬ 
time. the lank D is recharged with fresh black ash, and the <aiik a is put out of action and emptied 
from the waste. .So that 11 now forms the initial tank of thct^eries and l> the last, the saturated 
solution now issuing out of i>. a is then refilled with fresh black ash,and becomes the last tank (b being 
pul out of action and eirqnied), the connection between i> and a being maintained by life pipe M. 

This system has been in operation at St Helens since 1861. It is an application of the 
discontinuous counter current principle. 

There is left behind in the tanks, after the sodium carbonate and caustic soda 
have been crushed out, a mass of calcium sulphide (CaS), unchanged coal and 











294 


INDUSTRIAL CHEMISTRY 


calcium carbonate. This is known as “tank waste” and is treated as described 
on p. 297. 

The liquor drawn off is usually green in colour; it contains as impurities some 
thiosulphate and sodium sulphide in addition to excess of sodium carbonate and 
sodium hydrate. The .specific gravity is usually 3o°-32° Be. It should be noted 
that for rapid and complete extraction the black ash should be porous and contain 
some 10 per cent, or more of CaO, so that, when treated with water, the mass 
crumbles and swells up. The Ca(OH)., formed converts part of the NaoCO^ into 
NaOH (see below). 

The saturated black ash liquor cm now be worked either for the manufacture 
of sodium carbonate or for the manufacture of caustic soda. We will take each 
in turn. 


I. Working the Black Ash Liquors for Sodium Carbonate 
(Soda) 

The liquid contains a considerable amount of caustic soda, “NaOH," produced 
by the action of the free lime on the NaCO.,. The first process, then, is to 
“carbonise” it by passing in CO.^. The liquid is allowed to trickle down 



tall iron towers, where it meets an ascending stream of CO., gas and air 
coming from limekilns. Sometimes the burnt gases from furnaces (also rich in 
CO.2) are used for this purpose. The CO., converts the NaOH into Na^COj 
(aNaOH + COo^NaXOj + Hp), and simultaneously Fe^j, Aip,,, SiO^, etc., 
are precipitated, while oxygen in the hot entering gases oxidises the sulphides 
(e.^., Na^S, FeS) to sulphates. The soda : olution is now passed through filter 
presses and then is evaporated. 

One process of evaporation much in vogue (on account of its cheapness) was 
the passage of the hot gases from the black ash furnaces over the surface of 
the liquor contained in tanks (see I'ig. i). The liquor thus becomes contamin¬ 
ated by ashes, etc., but by this “ surface evaporation ” the formation of hard firm 
crusts of soda at the bottom of the tank is avoided—an evil which at once results, 
if attempts are made to evaporate the liquors by heating from beneath, when these 
crusts settle and, like “ boiler scale,” greatly diminish the efficiency of the heating 
process. 

This difficulty has been sur|nounted by the employment of special pans in which 
the bottom of the tanks are continually stirred by revolving arms, thus preventing 
the setting hard of solid crusts. Fig. 4 shows the well-known and very efficient 
Thelen evaporator. 

It is set on liriokwork and lieated from Ixsncatli by the but gases coining from the black ash 
furnace. Tb-' section ts*eiiiieircu1a> as indicated, and attached to a horizontal shaft, w w ; running 
lengthwise down ihe [xin are two other shafts A a, n b, to which ate attached a number of wedge- 
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shaped scrapers M H M, loosely turninf; on the axle as 'these revolve about the central axle, and 
hangint; vertically by their own weight when raised out of the pan. 

As the main axle w w revolves the two subsidiary axle.s A A, A A revolve and the scrapers attached 
't*j them scrape the bottom of the pan as indicated in the cross section (Fig. 4). 

Any crystals of soda which separate out are scraped up by the scrapers out of 
the liquid and fall over the side of the pan, where the substance is shovelled away 
into vessels provided with a sieve-like bottom, from which the water drips away 
leaving the soda crystals to dry. When the evaporation takes place at a boiling» 
heat the sodium carbonate crystals which separate out have the formula NajCOj. 
They are removed and heated more strongly (to completely dehydrate) in similar 
pans, but provided with crushing rollers, which run along the bottom of the pan, 
and are attached in a similar manner to rotating axles. The product is “soda 
ash,” and is put on the market practically anhydrous, containing 98-99 per cent, 
of Na.jCOjj 0.8 per cent. Na^SOj; o.i per cent. NaCl; o.i per cent, sodium 
sulphite or sodium thiosulphate, with a little insoluble matter (less than 0.1 per 
cent, in good samples) and loss than 0.7 per cent, of water. 

In England this alkali is sold on the basis of the percentage of Na^O it contains, 
an ash of the above composition being denoted as 58 per cent, alkali, i.e., 100 parts 
contain 58 parts of Na^O. 


2. Working the Black Ash Liquors for Caustic Soda 

The cheap and pure sodium carbonate obtained by the ammonia soda process 
(see below) has largely destroyed the market in England for Leblanc sodium 
carbonate, and consequently most English I..eblanc alkali factories now work the 
black ash liquors directly for NaOH. There is a far more ready sale for caustic 
soda than sodium carbonate, because of the demand for the latter substance by 
industries such as the paper trade, the textile and cellulose (straw, etc.) industries, 
the oil and fat industry, soap makers, manufacturers of dyes {e.g., Alizarin). 

Owing to the presence of much free lime in the black ash the black ash liquors 
contain a very considerable amount of NaOH. The black ash liquor is diluted 
to 13° Be. (=13 per cent. NaOH in final liquor) and run into semispherical iron 
pans, in which are suspended wire cages filled with quickhme, CaO; steam is 
driven through the litiuid to maintain it at a boiling temperature, while a strong 
current of air pumped in at the bottom causes a thorough agitation of the contents 
and thus accelerates the causticisation which takes place according to the equation;— 
Ca( 0 [I).j + Na.,COj = CaCO, + zNaOll. 

The iiir hlowii in oxiilhes the sulpliHle.-. of iron and sodium, the iron separating out at the 
hottnm ol llu- laulv. 

It sh'Hild be noted that the .solubility of lime, CulOIIh, in the liquor rapidly decreases with 
the amount of NaOlI formed, and consequently a concentrated Na^CO;, liquor cannot l)c com¬ 
pletely cuusticised by lime. Even a to per cent. NrCjCO , solution can only lie causticised by lime 
to the extent of 97.3 per cent. However a very ililute solution would cau.se much expense and 
trouble in evaporating afterwards, and so in practice a moderately concentrated solution is taken, 
and the unchanged NajCOj is afterwards removed by crystallisation. The causticisation is greatly 
accelerated by heating, without, however, sensibly altering the equilibrium composition of the 
liquoi. A much more complete causticisation is theorctiadly prmlucible by using a more soluble 
base, such as strontium hydroxide, Hr(OH).„ or liarium hydn.xide, Ra(OH)j. I’ractically, how¬ 
ever, the superior cheapness of lime more than compensates for the incomplete conversion of the 
sorlium carlwnate into caustic soda, and so lime is always employed for the purpose. 

After the boiling has continued for a sufficient length of time, the liquid is 
allowed to settle, when the calcium carbonate (CaCO,,) and precipitated iron salts 
settle out at the bottom of the vessel, leaving a clear supernatant layer of NaOH. 
This is siphoned off clear, while the settled mud is washed on a filter. • Finally the 
solution of NaOH is boiled down in multiple vacuum pans (such as is described in 
Martin's “Industrial Chemistry; Organic," under Sugar) made of cast iron. 
Almost invariably the process of evaporation is carried out in two distinct stages. 
First the liquor at ib’-i 7° Be. is concentrated in one set of evdpofators until a density 
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of 26"-2 7‘ Be. is attained. It is then run off into a second set of vacuum jmns and 
, boiled down until the density reaches 40° Be., the Na.^C03, NaCl, Na.jS04, and 
other salts which crystallise out as the concentration proceeds being separated by 
passing the liquor through filters interposed between the various vacuum pans. 
Finally the concentrated liquor is run out into thick cast-iron semispherieal pots, 
set in brickwork over a free fire, and capable of holding some 10-15 tons of NaOH. 
Here the boiling down is continued, the pots being finally heated to 40o”-5oo° C., 
the NaOH being actually fused. 

Now the caustic soda obtained by the Leblanc process always contains much 
impurity, principally sodium sulphide (Na.B), iron sulphide (FeS), and also sodium 
cyanide (NaCN), in the form of ferrocyanide derived from the nitrogenous matter 
in the coal used for melting the sodium sulphate. The product is therefore purified 
by adding sodium or potassium nitrate to the molten mass, whereby the sulphides 
are completely oxidised and the ferrocyanides are destroyed with separation of 
graphite, while the iron separates as a red precipitate of ferric oxide. As Ralston 
showed in i860, when the caustic soda is anhydrous all the iron separates, and 
the addition of only a handful of nitre will cause a large pot containing some 
16 tons of molten NaOH to change from yellow, through white, to green or vice 
versa. Too much nitre must not be added as it colours the molten mass greenish 
owing to the formation of a trace of manganate. 

After partial cooling, during which the very considerable iirecipitate of iron 
hydroxide, etc., is allowed to settle out at the bottom, the still molten caustic, 
which is as clear and lim|)id as water, is ladled out into thin sheet-iron drums, 
allowed to solidify, and the drums soldered up air tight as soon as the caustic 
soda has set. Occasionally the solid mass is smashed into lumps before packing 
in iron drums (which are soldered up air-tight). Sometimes the NaOH is grountl 
to a powder in special machines provided with precautions against the escape of 
NaOH dust into the air, and the powdered NaOH is then packed as before. 

“ White caustic,” as colourless caustic s(k 1 .i is called, was first luanufaclured by this jiroccss front 
I-chlanc .soda about 1862, and is now pul on the market containing as much as 76 [ici cent, of 
alkali, other strengths being made, however, down to 60 jter cent, tdkali. 

Caustic soda is manufactured in exartly the same way from the sodiiint e.irhonate prejiared from 
the ammfinia soda proces's. The inilial raw inaleruil is here “calcined smla,” and the only 
difference m the mode of preparation is that the NaOll thus produced is sttrnewhat purer, so that 
the addition of nitre in the final fusion of the NaOH is unnecessary. 'I hc principal imjiuriiics 
in llie NaOH made from ammonia soda sodium carbonate is N.iCl and unchanged Na-jCO... * 

These impurities, however, do not cause any trouble m the applicaii<*n of ilie NaOH for many 
industrial purposes, soap making, as the soap itself often contains 20 jier cent, and more NaCI. 

Among other processes for making caustic soda we must here mention the 
Ldwig process employed by the Solvay Works. 

Calcined sodium carUmaie (soda ash), or sodium 'licarbonaie pri'pared by the ammonia soda 
.process, is employed, 'i'hc substance mixed with iron oxide and healed in a revolving cylinder 
iiirnace similar to the revolving cylinder black ash furnace described above. 'I'lie last furnace 
gases and flames'streaming through the interior «>f the cylinder heat the mass to redness when the 
following action takes place :— 

Na/: 0 ;; i I'eA ^ 2NaI'e()„ + CO... 

All the CX)o escapes, and the resulting sodium ferrite (Nal'cOo) is raked out and lixiviated with 
water, when it decomposes according to the ccjuation ;— 

2NaFeO« + HX) = zNaOlI -1- FeX),. 

A concentrated solution of NaOH is immediately «)blained, under which the iron oxide seillc.s out as 
a dark ma.s.s. I'he NaOll solution, in a jiractically pure condition, is diawn off, evajiomled, and 
melted as above descrilied, no nitre b^ng necessary for the final melting. 

Considerable amounts of caustic soda and caustic potash are prepared by the 
electrolysis of NaCl or KCl solutions. These pro(:esse^ are described in 
detail under the heading “Electrolytic ('hlorine and Alkali," p. 367, and so we 
will not further deal* with them here, except to say that the NaOH or KOH 
solutions drawn off are evaporated as above described in vacuum pans, freed 
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from NaCl or KCl, crystallising out, and finally melted in large iron pots (see 
* (p). 296). 

The mercury diaphragm process yields a chlorine-free NaOH or KOH, while that obtained 
by the diaphragm process yields an NaOH (or KOH) solution rich in Na('l (or KCl). How¬ 
ever, the NaCl (or KCl) almost entirely crystallises out during the concentration of the solution, 
iH'ing very insoluble in concentrated NaOH solutitm. Where the NaOH solution is not 
immediately used for Alizarin manufacture (see Martin’s “Industrial Chemistry: Organic"’), 
it is boiled down, fused, and packed in iron drums for transport or export a^ above descrilied. 


Summary of the Leri.anc Procesr. 

(After Ost, slightly modified.) 

Raw Pyrites (45 per cent.), NaHO;:, NaCl (07 per cent.). Limestone, Coal, 
materials. (>3 jxiris. i fum. 100 pans. 120 parts. 250 parts. 



Burnt pyrites, Soda ash, 72 pans, Sulphur, 20 parts, Hydrochloric acid 
Finished 45 iwirts. or oi . (20* Be.), 

products. (Finally worked Caustic soda, 6o parts. Sodium thiosulphate. 180 parts, 
for copper.) 


In England the strength of the caustic soda is expressed on the liasis of the percentage of 
NuyO it contains. Thus a pure NaOH (too j>er cent. NaOH) would be in England denoted as 
77.5 per cent, caustic soda, since too jxirls of NaOH conl.iin 77.5 parts of NaA). 

In Germany, however, its strength is calculated on the sup^iosilion that this Na.X) is combined as 
Na-/' 0 ,. c.jf., a too per cent. NaOH in Germany would he denoted as a 132.5 per cen^. caustic soda 
(heenuse loo part.s of NaOH arc eriuivalent to 132.5 parts of NagCO;))* 

Eur details the reader shcmld consult Keane-Lunge, Technical Methods of Analysis.” 

Treatment of Alkali Waste— After the lixiviation of the black ash for 
sodiirm carbonate and caustic soda (see p. 294), there is left behind in the tanks 
a mass of calcium sulphide, together with unchanged coal and unchanged calcium 
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carbonate, lime, etc. (NajS04 + CaC03+2C = Na_,C03 + CaS + 2C02), the product 
being known as “ tank waste ” or “ alkali waste.” , 

T«) every ton of soda produced nearly a ton of these residues accumulated, which formerly were 
an intolerable nuisance, since by the action of atmospheric acids on the calcium sulphide, sulphuretletl 
hydrogen (HoS) was set free, poisoning the air in the ncighl)ourhood. Also the drainage from the 
mass, containing as it did soluble sulphur-containing compounds an<l sulphuretted hydrogen, was 
very harmful. Tins nms also contained the total sulpluir intnuluced into the process (as Na^SO*), 
which was thereftne lost. 

This waste mass is now worked for sulphur by the Chance-Claus process, 
the sulphuretted hydrogen being either burned in a Claus kiln to produce sulphur, 
as described on pp. 204 and 208, or else it is bimied to SO,, and converted into, 
sulphuric acid. 

The Cliance [irocess is expressed by final equations :~ 

CaS + ax. f \U) ^ CaO).! [ ILS, 

from which it is obvi<ms that the calcium carl»onate (CaCO.t), originally inlrotluccd into the process,, 
is again capable of being recovertsl and used again. Since the sulphur is also recovered in the form 
of H.,S (and ultimately as S or H^SO^) there is now no more “ waste ” theoretically produceil liy the 
Leblanc process. Sometimes the'wasie residues are worked for so<lium thiosulphate (hyposulphite), 
(NiuSrtO.i, sHoO), as described on p. 259, 

It issaid that 30,000-40,000 tuns ofsulphur are annually recoveted by this process in Great Britain. 

It can be safely staled that without the Ghancc-I'Uuis process, Leblanc soda would long have 
become entirely defunct, not only on account of the financial loss of the sulphur, but also on account 
of the objectiimablc nature of the alkali waste itself, which weathers and oxidises, producing 
and SOo, even catching fire occisnmally, and the drainage from which is n.iturally an cxceeilingly 
unpleasant ami harmful hquoi. 
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Present Position of the Ammonia Soda Process —The manufacture of 
sodium carbonate by the ammonia soda or Solvay process occupies to day a 
predominant position in the chemical industry. During the period, 1864-1868, 
the annual output of soda ash by this process amounted to 300 tons. In the year 
1902 it had grown to 1,600,000 tons, whilst at the present time the total production 
probably exceeds 3,000,000 tons per annum. 

During the years 1870-1883 the output by the Leblanc process reached a 
maximum of 500,000 tons per annum. Since that time the Leblanc industry has 
steadily declined, and were it not for the recovery of by-products and the large 
amount of capital invested in this process, it is probable that the production of the 
Leblanc alkali would by this time have entirely ceased. 

The manufd.cture of bleaching powder with the aid of electrolytic chlorine has 
con.siderably alfccted the Leblanc industry, and doubtless this influence will be felt 
even more seriously in the future. . t* 

The ammonia soda process produces sodium.carbonate in a higher state of 
purity and at a much lower cost than the Leblanc process. Recently^competition 
and a desire to stimulate the demand for ammonia alkali has resulted in a consider¬ 
able reduction in the price of this article, with the consequence that it is almost 
impossible for the makers of soda ash by the Leblanc process to compete. 

The ammonia soda process itself will soon be confront^id with competition by 
the exploitation of natural deposits of soda which occur near Lake Magadi, in East 
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Africa. A company has been formed with a capital of 300,000 to mine 
these deposits, which have approximately the following components:—Nn.^CO^i, 
43.5 ; NaHCO;i, 40.4 ; fi.O, 15.6 ; NaCl, 0.4, 

Factories arc being erected in England and in the East to refine the raw 
material and to convert it into other soda compounds. It has, ho^^ever, to be 
remembered that the cost of an article to the consumer is largely determined by 
the expense of carriage, and this item, with regard especially to the natural soda, 
must necessarily be in most cases particularly heavy. 

Another disturbing factor in the ammonia soda industry is the ever-increasing 
production of caustic alkali by clectrf)lytic processes. In a very large number of 
industries the soda ash is only used after causticising by lime, with the consequence 
that, should it be possible to produce caustic soda at a sufficiently low price, very 
serious competition with ammonia soda would result. 

As, however, it will be pointed out later, the ammonia soda process has been 
brought to an exceedingly high slate of economic efficiency, and in spite of the 
various factors mentioned, it is questionable whether the commanding position 
which it at present holds in the alkali industry is seriously threatened. 

Historicai. —II not pro|)()scd to deal in tliis article at any lengtl^ \\ith the historical aspect of 
tlic ammonia soda process. I'hc rea<ler who is interested in the subject may Ik* referred to Mond, 
/awn. Soc. i'hcm. Jnd., 1885, p. 527. .\Ko t<» a lecture ^i\en by Krnest .Solvay at the 
loternationai Congress of Applied Chemistry, Berlin, 1903. A copy of tins will aKo be 
found in La Revue dt I'Umverdte dt Bruxellts, May Hjoj. 

In 1838 the treatment of brme with earbimate of amnupnia was jwitentt*d by Dyar and Hemming, 
and subM-quenlly b\ Delaunay in 1839. In 1840 the intnxluction (pf cailxm ditiside in the gaseous 
form was also patented by ('mining. Subsequently in 1852, ('onus, a l-'renehman, <Hrec(s the 
recovery of the gas given off in the eakinalmn of the sodium bicarbonate, wliilsl ('hisholm in the 
same year patents the distillation of ammonium cliloridc with lime, and the subsequent absorption 
of the gas in brine. The application of tliis had lieen anticijMleil, ho\\e\er, by Delaunay. 

Thus already, m 1852, all llie .chemical reactions essential to the success of the ammonia soda 
process weie well kiicpwn, and it is significant that from that lime onwards all the ptuenls taken out 
which Itad anv subsequent bearing on the history of the industry related to the disposition and 
naluic of the aiip.iralus to be employed, and it is in this connection that the ammonia soda process 
is indissolnhly ( pumected with the name of .Solvay. Fr<pm 1861 onwards, Krnest Solvay, with the 
assistance of his i>nplher Alfred, dev<»ted his attention to the perfcctippii of the mecliamoal details 
of the plant, and in 1863 I/a Society Solvay el ('ic was formed with a capital of 136,000 francs fur 
the erection at Couillet of a factory to proiluce sodium carbon.Ue by this process. In ibe year 1866 
the ])ro<luction f)| this factory reacheil «me and a half tons jier il.iy. 

In 1872 Krnest Solvay was approaclied fpy Lmlwig Mond, with the conseijnence that the process 
was also siartcrl at Northwicli, in Chesliire. The facl«pry now at Winnmgton, near Northwicli, 
owned by Brunner. Mond (’o., is probably the largest in the world, producing, as it does, ai«ml 
200.000 Ions per annum. Tiiis company now also owns voprks at Losiock Gralam, Middlewich, 
and Sandbach, ail in the C'hesliire brine district, so lliai the total iputpui of this firm will he in the 
neignbourliood of 5<X),cx)0 tons per annum. 

The firm of Messrs Brunner, Mond 8: ('o. forms jiari of the ])i>werfiil Sob.iy syndicate which 
practically controls the ammonia .soda industry <pf the world, <iwning, as it does, works all over the 
Continent of Kurope ami in the United States of Aimrica. Besides ilie works owned by Messrs 
Brunner, Mond iV Gu, only two (ptber ammonia Muia factories exist m England, that of the 
United Alkali Co., at I’leetwood, in l/;mcashire, and tlial <i( llic Ammonia Soda (.*0., at Lostock 
firalam, in ('heshirc. 

In America se\eral factories outside the combine exist. iTitably tlie Michigan Alkali t'o., the 
Columbia ('hemical Ok, and the Malhicson Alkali Co. 

On the Continent a new factory outside the combine, the Adnawerke Aktiengesellschaft, Trieste, 
has recently commenced «pj)erations. 

Theoretical Considerations. —The fundamental reaction on which the 
ammonia soda process depends is of the simplest character, and may be expressed 
by the equation— 

NaCI -I (iNllJIlCO;,^ NallCO- + NH.CI. 

« 

A consideration of the solubiiity of these salts 111 water will indicate in which direction we m.ay 
•xpect the reaction to proceed, and in consetjuence which salts, if any, we may expect to lie 
irecipitaled. 

The following table show.s the solubility of Na('l, NallCOj, ami NIljCl in water :— 
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Soi,UBii,[Tv OK NaCl IN Water. 



Temper.ilure 


(trams id 



Degrw- 


100 R. 



10 


■ 35 f >9 



20 


35 *-! 



30 


3603 



40 


36.32 





35.67 





37.06 



NallCO. in I 1 .. 0 . 


NH,C 

in 11.,0. 

Temperatnie. 


(iiainN iit 

Temperature. 

Grams iti 

Degrees. 


j(*> i;. 

Degrees 

lOOg 

0 - 


6.9 

0 - 

29.7 

10 • 


S.2 

10 • 

333 

20 - 


9.6 

20 - 

37-2 

30 - 


11.1 

30 

41.4 

40 - 


12.7 

40 - 

- 45-8 

50 - 


U -5 

50 - 

50.4 

60 ' 


16.4 

60 - 

. 35-2 


Sutiium l)icsrlK>nnto (NallC’O,.) l)> f.d lliL* soiublt; of all these salts, and it would thus. 
Iw anticipated that the first salt to he precipitated would tie sridium hicarhonate. The proliahility 
that such will he the case hecnuies still greater when one investigates the solubility of sodiuiiv 
hicailiunute in solutions of sodium ehloriile, ammoiiium liicailumate, and ammonium chloride. 


Soi.uuii.iTv OK N.iHCO, IN Na(3 (Fedotiefif, loc. at.). 


N.i(;i. 

Nallf 

(tiams por l.itif 

< iraiiis pe 

0 

- 105.85 

172 

• 29.01 

231 

■ 20.1 I 

3'3 

- 12,.; 

0 

- 85.3-1 

175 

21.4 [ 

2.54 

14.6 ( 

312 

8.8] 


SoLUBii.iTV OK NnHf'O, in 
Nnjico,. 

(traaiN (kt I.itie 

O - - 

21.1 - 
7i).X - 


NH^H( 

NaHCO,. 

< rrams jwr 

■ X5-31 

77.0} at 15' C 
b2.lj 


Soi.aiiiLiTv OK NaHCO;, in Soi.utions of NH^Cl and NaCl (Schreib). 

100 c.c. of a solution containing 18 g. of NII4CI dissolved hefoie and after the atldition of NaCl. 
gives, the folh.winjj quantitieb of NuIICOi:— 


At 25"C. 


At 40“ ( '. 


NIljCl. 

1 NaCl. 

Na.,CO.( as 
NaHCO,. 

Nil,Cl. 

NaCl. ' 

Na..CO., a.s 
NaHCO,. 

0 

' 0 

6.5 

0 

0 

8.0 

18 

0 

6.0 

18 * 

0 

7.0 

IS 

; 2 

S-o 

18 

2 

6.2 • 

18 

! s 

2-7 

18 

8 

3.8 

IS 

i H 

1-7 

18 


2-3 


Thus in each case the solubility in tlie saline solution is much lower than in water. 
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Jf, ihen, a current of carbon dioxide l>e passed through brine containing ammonia gas in solution^ 
the following reaction will first of all lake place:— 

NaCl + 2NH;, + H.O + C 0 « = 1 NaCl 

The effect will be ihc formation in siiu of a solution of the normal carlx»nate of ammonia, when 
all the ammonia present has Ixjen converted into the normal carbonate. Further passage of carbon 
dioxide will result in the formation of the acid carlx>nate— 

(NH^lyCOs + Ci\ = 2NHJ1C0,. 

We shall in convcqucnce have a system contaiixing the ions— 

Na- Cr NH,‘ HCO.;'. 

The value of the solubility product [Na-] [IICO;/] in the solution of sodium chloride is, <if 
course, lower than in water, owing to the depression of the dissociation of the feebly ionised 
sodium carbonate by the strongly dissociated sodium chloride containing the common ion Na', and 
when a certain <]uantity of carbon dioxide has passed, the solubility product [Na*] f llCO/] is 
exceeded, and prccijiitation of sodium bicarbonate results. Were the passage of carbon dioxide now 
stopjied no further precipitation would occur. As, however, more carbon dioxide is bubbled through 
the solution, it is absorlied by the ammonium carbonate, giving ammonium bicarljonate. In this 
way the concentration of the HCOj' ion is renewed, and as there is a large excess of Na* ions 
present, the value of the solubility product is again exceeded, and so precipitation proceeds. 
Gradual depletion of the Na‘ ions from the solution, together with the fact that no more carlionate 
of ammonia is present, hy means of which the concentration of the ions may l>e incieased, 

results eventually in a point being reached when the value of the solubility product [Na*] [HCO/] 
<ioes not exceed the limiting value but is e<]ual to it, with the consequence that equilibrium is 
■established. Owir-g to the smaller value of the vdubility product at a lower tenq>eraturc, a 
reduction in the temperature of the solution at this point would, of course, lead to further precipitation. 
Thus for any given temperature the txjuilibrium will Ijc represented by the expression:— 

[N^HCO,] [NIl^O]^,- 
INaCl] [NH;!lCt):J 

These considerations indicate the cotjditions necessary to ol)iain the maximum yield of sodium 
bicaibonale. It is apparent that — 

I. TAc solution must originally (oniain a very high ioncentration of the Na' ions, i.c., it must be 
fully saturated with salt. 

1. The solution must (ontain a high concentration of ammonia in order that hy subsequent 
^absorption of carbon dioaide the greatest number of HCO-P tons may bt produced, 

3. To decrease the value of the solubility product [jVir*] [fdCOJ], tin temperature oj the solution 
must be low. 

Unfortunately, for many reasons, both chemical and industrial, it is impossible to realise the 
ideal conditions. 

When a solution of sodium chloride is treated with ammonia gas, the concentration of the sodium 
x-lilorule falls as the concentration of the ammonia increases. 'I'his is shown by the following 
table:— 

Solubility of Sodium Chloride in Solutions of Ammonia at 30*" C. 

(Henipleand Tedesro, Zeit, ungew. them., 1912, 2 £, 2468.) 


N 

(irams per 
Line. 

.Cl. 

Grams, Molecules 
per Litre. 

Nil.. 

Grams per 1 Cirams, Molecules 
Litre. j per Litre. 

Specific 

(iravily. 

293 - 3 *! 

5-4836 

29-535 

1-7374 

i ->735 

292. 50 

49972 

40.635 

2-3915 

1.1656 

2S9.70 

4.9500 

47.260 

2.7800 

1.1600 

286.50 

4.8950 

60.780 

3-5750 

1.1494 

283- 3 » 

4.8426 

72.070 

4.2390 

1.1405 

283.06 

S (-7942 . 

72.715 

4-2772 

1-1395 

277 - A 9 

4-7413 

81.855 

4.8150 

1.1301 

•270.57 

4.6123 

97.490 

5 - 734 « 

1.1205 


Further, in piactiie the ammoniacal .-lolution of salt is always to some extent diluted by water 
vapour carried over with the ammonia gas, and it is found impossible during the precipitation of the 
sodium bicarbf nate to work at very low temperatures. This matter will again be referred to later. 
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i It is thus necessary to consider what is the most suilahle concentration in ammonia to which the 
^brine should he brought, in order that the maximum yield of sexlium Incarbonate may he obtained 
Judder industrial conditions. In the domain of pure chemistry the problem has l)een attacked from 
*'llie standpoint of the phase rule by various workers. 

V Schreib (“Ammonia Soda,” loc. lit.) gives the results (drained on carlnmating, under the same 
jeondilions, solutions containing varying concentrations of salt and ammonia. The experiments were 
carried out wfth only approximate accuracy, but nevertheless are comparative anumgsi themselves. 

® Some of Schreil) s figures are here given :— 



Original Solution. 

Carbonated Solution. 

Per (ent. 
t^fNaCl 1 

Na^rCO^ as 
NaHCba. 

i 

1 

Nil;, 

per Cent. 

NaCl 
per (Vrit. 

Nil, 

|X‘r (.'eiit. 

NaCl 
per ('ent. 

, NH,C1 

1 per Cent. 

Coiuerled. 

(^rams per 
Litre. 

j 

11 - ■ 

<>•3 

27-4 

1.2 

10.9 

16.4 

62.3 

138 

1 2 

6.6 

27-3 

1-3 

10.2 

16.1 

63.1 

146 

1 3 - 

7-2 

i 27.2 

1-3 

9-3 

> 7-9 

67.8 

154 

4 

«.9 

I 25.8 


7-4 

1S.8 

7 J .6 

168 

5 • • 

>>•5 

, 24.3 

'•3 

7-3 

; 18.5 


145 


The solutions used in practice will corresjnmd to Nos. 3 and 4, although so high a conversion as 
73.6 per cent, of the Na('l into NaHCOj will not usually be attained, as the carlwiiating operation 
fi r various reavuis is never carrie<l on l() Us extreme limit. 

Kedotietf iii.) detenuined the vdubilily of the four salts in the presence of one other. lie 
then look weighed (juantilies of the Na('l, NII^iHCOj and lUO, and shook them in a close<l vessel 
for several hours at 15® C. In this way the following results were obtained:— 


In 1 

,000 g. of Water. 

MCIICO.,. NH,,. 

1 Solutions Containing tiram 

j Equivalents per Lure. 

Per Cent. Dec<)mp<jsi- 
lion of Na(Jl. 

, 

NaCl. 

1 iico;. 

cr. 

Na'. 

Nil/. 

336 

33 ^' 

72.4 

i 

4-74 

1.78 

346 

62.5 

3)6 

377 

81.3 


4.05 

1.47 

3.82 

68.5 

340 

416 

89.6 

i 0.77 

4.67 

1.25 

4.19 

73-4 


By means ()f a space model and graphical extrapolaium he deduced that a niaximum decomposi¬ 
tion of 83.4 per cent, of NaCl could be obtained in this way at a temperature of 30^ C., and indicated 
that at i5‘'-/o‘' C. in industrial practice a conversion of 79-80 per cent. Na(n should be possible. 
He further points out that theoretically it is better to treat common salt, either solid or in solution, 
with solio ammonium bicarbonate as in the process of Schlbsing (Knghsh Patents, 21,370, 1878; 
2,110, 1882; 4,025, 1885). 

janecke (Im. (it.) applies liis graphical method of representing reciproail pairs of salts {Zeits. 
aHor^. Lhem.f 1906, 5 tt * 3 *“* 57 ) to the problem, and demonstrates the possibility of increasing 
the yield by the addition of solid NaCl whilst the solution is maintained at 32“ C. ' ■ 

As has previously been mentioned, the concentration of salt and ammonia in the ammoniacal 
brine cannot Ik; determined by purely theoretical conditions. It has already been pointed out 
that tlie concentration of the salt in the ammoniacal brine is diminished to some extent by water 
vapour carried over from the ammonia distiller. Again, it is found in practice more difficult to 
prepare solutions containing a high concentration of ammonia than those containing a low 
concentration. 

When working with solutions containing a liigh concentration of ammonia the yield of sodium 
bicarbonate is better, and the more concentrated liquor returning to the ammonia stills requires 
less steam for distillation and less efiluenl is prcKluced. The carbonating process is, how'ever, much 
slower and there is more danger during the treatment of thcse^slrong liquors of losing ammonia. 

The ammonia soda process in outline (.see also p. 321) may be summarised as 
follows; Brine (NaC!) is saturated with ammonia gas (NH.,), and subjected to the 
action of a current of carbon dioxide (CO^), produced by the burning of limestone, 
■when the following reaction takes place 

NaCl + NMa + CO2 + 1 I „0 NaHCUa + NIbCl 
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The bicarbonate of soda (NaHCO.,) so produced is filtered and calcined; 
(2NaHC03 = NaX 0 .| + C 0 ..); the evolved COo, being used against the mother; 
liquor containing NH^Cl, is returned to the ammonia distiller, where, by treatment 
with lime and steam (aNH^Cl + Ca(()H)3 = CaCL + 2NH3 +2H3O), the ammonia is 
recovered and again absorbed in fresh brine. The spent liquors (containing CaCl^i 
and NaCl), after extraction of the ammonia, pass away as the effluent. 


Operations on the Industrial Scale 

Preparation of the Saturated Solution of Salt.— It is essential to the 
commercial success of the ammonia soda process that an abundant supply of 
sodium chloride, either as rock salt or as fully saturated brine, [ireferably the 
latter, be close at hand. Some factories are at work where the salt has to be 
transported to the works, but it is probable that, unless the price of soda ash in the 
country under consideration were not artificially maintained, they would have great 
difficulty in competing. 

Where rock salt mines e.xist, as at Fleetwood in Lancashire, it is usual to flood 
these with water and to subsequently ])ump away the brine formed by the 
dissolution of the rock salt (see p. 263, Salt Industry). 

The utilisation of the salt in the process is by no means complete, only 60 per 
cent, to 73 per cent, of the sodium chloride being converted into sodium bicarbonate, 
and for the production of i ton of soda ash it will be necessary to treat 7-8 tons of 
brine. 

Natural brine contains impurities such as calcium and magnesium salts 
(see p. 265). 

A typical analysis of naliiial brine (Cliesliire) is oiven below : 

(iiaiiis p<rr l,itre 


Nat 1 

JOO.O 

MgCI., 

0.0 

MgSI), 

07 

CaSO, 

40 

Cat 11 . ■ 

0.2 


Formerly these impurities were removed before the brine entered the process, 
by treatment of the crude brine with sodium carbonate and lime. This, however, 
is not the usual practice at the present day, and the impurities which are precipitated 
during the saturation of the brine with ammonia containing carbon dioxide are 
removed at a later stage. 

The brine, from whatever source it may be obtained, is usually pumped into 
large reservoirs. From these reservoirs it is ag.un pumped to a tank at the top 
of the main building, so that it may gravitate from there to the washers and 
absorber, and subsequently to the settling vats. 

Saturation of the Brine with Ammonia.— Several different forms of 
ammonia absorber have been used from time to time. They all depend for their 
construction on the simple principle of allowing the gas from the ammonia distiller 
to meet a stream of brine after the manner of counter currents. 

A typical absorber is shown in Kij;. i. The lirinc flows downwards, through the various 
compartments, whilst the ammonia gas liy means of the serrated mushrooms is causeil In bubble 
through the liquor in each compartment. This type of apparatus is aery widely used in the 
industry for numerous operations. 

The “tower” washer. Fig. 2, is ol similar construetion, but target. It is used for recovering 
the ammonia earned away by the gas current from the carbonating plant. A portion of the brine 
which enters the absorlier will first pass through this column. 

The gases entering the ammonia absorber consist of ammonia, carbon dioxide 
(resulting from the decomposition of the sodium and ammonium bicarbonates pre.sent 
in the mother liquor), and water vafiour, together with small quantities of air which 
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have been previously present in the liquors, or in the water from which the 
steam necessary for distillation was generated. In addition a certain amount of 
sulphuretted hydrogen will be present, due to the use of crude gas liquor, to make 
up for any losses in ammonia that occur. 

The ammoflium sulphide thus formed reacts with the iron of the vessel to produce a thin coaling 
of sulphide of iron; this prevents the dissolution of the metal by the liquors which otherwise would 
result in a discoloration of the finished product. 

During the distillation of I metric ton of ammonia there will enter the 
absorber at a temperature of 60° C., in addition to the 1 ton of ammonia, 720 kilos 
of CO.j, 380 kilos of H^O. 

The absorjjtion of the ammonia hy brine, of the carlion dioxide by the ammoniacal brine, and 
the condensation of the water vapour, resulb in the evolution of large quantities of heat, with the 
amsoquence tliat the total amount of heat evolveil will lie approximately 900,000 kilo calories per 
metric ton of ammonia distilled. This will be sufiicicnl to raise the 12.500 kg. of liquor in which 
the ammonia will dissolve hy aliout 72’ C. 

It is essential that the temperature of the liquor in the alx-vorlier sliouUl lie maintained as low as 



Kit;. I.—Ammonia Kiti. 2.—.\minonia 

Absorber. Recovery Tower. 


possible, in order to keep down the partial pleasure of the ammonia in the liquor, and thus assul 
absorption. This is especially necessary when, as Is now the case, tlie absorlier is worked under a 
vacuum. Further, at a high temperature the ammonium carl>onate Ls decomposed, and a loss of 
carbon dioxide will result. 

Unfortuiiately any cooling pijres inscrletl inside the vessel so >,0011 become coated over with a 
heat insulating scale of calcium and magnesium carl>onates as to rentier them almost ino^icrative. 
They must in consequence either be very frequently cleaned, or some other methtnl must be adopted 
of keeping the temperatures down. It will suffice here to say that llie temijeralure is so regulated 
as not to exceed 60“ C. 

The gas leaving the absorber will still contain a fair quantity of ammonia. It is 
in consequence passed through another tower, where it can again be submitted to 
the action of fresh brine. Finally it may, if necessary, be passed through another 
washer containing water in order that the last traces of ammonia may be removed. 
This final washer is in direct connection with an air-pump, which njaintains a 
vacuum through the washers and absorber to the ammonia still. 

Fart of the fresh brine entering the process passes first of all through the 
carbonating or tower washer, where any ammonia mechanically carried over by the 
gas current from the precipitating apparatus is recovered. It ^hen joins the brine, 
leaving the absorber washer before entering the absorber itself. 

VOL. L —20 
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It may here he p(nnled out that ammonia gas is ahsorired tiy brine with great avidity. Thus in 
an experimental plant the author found that by Inihlding 2,000 kilos per lu)ur of NII^ over a 
surfatc of 3 sq. m. through 6 in. of brine alrcaeiy containing 40 g. iK;r litre of NH^, 1,000 kilos per 
hour were absorlK'd \\hen the temperature was maintained even as high as /O'’ C., and the resulting 
liquor contained So g. jX'r litre of Nlh.. 

'rhe liquor leaving the absorber will have approximately the following composi¬ 
tion:—NaCl, 260 g. per litre; NHg, 80 g. per litre; COo, 45 g. per litre. It will 
contain in suspension as carbonates all the calcium and most of the magnesium 
salts originally present in the brine. In order to clarify this liquor, it flows by 
gravity to the bottom of a large tank, and is allowed to overflow from the lop of 
this vessel to the bottom of another, and so on, until eventually the liquor arrives at 
the final tank perfectly free from all suspended matter. 

Several )iundre<l Ions of liquor may tlms be kept continuously settling. In this way nol only 
is the clanficaiion of the hqnor accomjdished, but the lujuor leaving the last vessel is maintaimsl 
at a constant sirengtti, and the effect due to any irregularities in the working of rhe absorber k 



bhru C.C^ irj 

Fig. 3.—Influence of Temiieralure and C 0 « content on tension 
of Nib, in Solutions of Ammoniaca! Brine. 

minimised. The mud separating out in the settling vats ina\ he kept in a stale •)f suspension by an 
agitator, and passed to another vessel, where it is washed wit!) brine or water; alternately it may be 
pumped direct u» the ammonia stills in order that the ammonia present may he recovered. 

Carbonating Apparatus.— The clear ammoniacal brine leaving the last 
settling or storage tank must be cooled down before it is subjected to the action* 
of the carbon dioxide. Otherwise a large quantity of ammonia will be carri'^d away 
by the gas current to the carbonator washer. \ 

It is interesting here to note that the amount of ammonia tlius removed from sf'.’ltJhnn is 
dependent not only on the temperature, but also on the content of carbon dioxide in the liquor, for 
as the concentration of carbi;/' dioxide in llie liquor increases, so the tension of the Ammonia 
in solution ftccreases, wulh the conse<iuence that the higher is the concentration of airlnu* dioxide 
in the ammoniacal brine entering the carbonating apparatus, the smaller will he the qu'anlity of 
ammonia carried away by the gas current. The influence of temperature and of the carlMti.' 
content in the tension of ammonia in solutions of ammoniacal brine lus determined by the l^uthor is 

shown in Fig. 3 * * . . o ♦ i* c 

The curves refer to a solution containing 80 g. per hire of ammonia, and 270 g. per^ “tre ot 

sodium chloride. 
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In order to cool the ammoniacal brine it is pumped through a cooler of the 
eviaporativc type, whereby the liquor passes through a number of cast-iron pipes over 
which cold water is running. 

Owing lo ihe iitcl that the insoluble niugnesiinn sails do not readily separate from solutions of 
ammoniacal lirinc, a portion i>f the magnesium salts j)resent is precipitated on the interior of these 
cooling pifies as. an intensely hard scale. The composition of this scale varies somewhat. It was 
found l)y Keinilyer, Z;Vt. augm. Chem., 1K93, 446, to consist of MgCX);{NaCl. 

The effect of this scale formation is to rapidly diminish the co<ding effect of the ajiparatus, and in 
<:onse«|Ucnce the pipes must jx'riodically he steamed out, and the scale remosed. 

T'hc animoniacal brine, tooled to about 30'’ C., is now ready to enter the 
carbonating apparatus. Various forms of carbonators 
have been devised, but it will be sufificient here to de¬ 
scribe the apparatus used by Solvay and that introduced 
by Honigmann, J>.R.P., 13,782. 

Amongst other types of caihonating jilant that have been used 
may he mentioned tliat intr<»duccd hy lioulouvatd, French Talent, 

125,625, 1878, and by Schreih, D.K.T., 70,169. 

In the Solvay apparatus (Fig. 4) the liquor is pumped 
t(^ the top of a high tower, where it falls over a series 
of baffle plates and meets, after the manner of counter- 
<-urrents, a stream of carbon dioxide gas rising upwards. 

The absorption of the carbon dioxide by the ammonia¬ 
cal brine results in the evolution of considerable quanti¬ 
ties of heat, and in order to keep down the temperature 
of the liquor the lower portion of the tower is fitted with 
the w'ell-known Cogswes coolers (English Patent, 1,073, 

1887), which consist of a number of mild steel tubes 
expanded into a steel tube plate. The liquor as it reaches 
the bottom of the tower falls over these tubes through 
which cold water is running. The Solvay tower may 
be from 70-90 ft. high, and from 5-7 ft. in diameter. 

It IS the usual practue now lo conduct the carbonating ojiera* 
lion m two In the first tower the absorption of the emhon 

dioxide is allowed lo proceed up tn the jioint when most of the 
jimmonu present, b it not all, has been eonvertetl into the normal 
carlKmate. From the Ixittoin of this lower the liquor may be blown 
into a storage Unk, and thence pumped lu the U*p of the second 
tower, known is the precipitating or making lower. Here further 
absorption of cailum dioxide goes on, and the sodium bicarlxmaie 
is precipilalv'il. U is necesstiry to regulate with great care the 
tem^K'rature of die hquoi during this ojHration. If the tem|)erature 
is kept high the sodium bicarbonate is of very coarse grain, anil 
although well suited for the Thelen pans, it may not filler so well 
nor he so eusMy washed as material of a finer grain. At the same 
lime the yield is. uf course, considerahly decreased, not only owing 
lo the greater si'Iubility of the salt at the higher temiXTature, l>iU 
also owing lo the increased partial pressure of the carbon dioxide 
in solution, and the consequent ilecreascil efficiency with which the 
carbon dioxide is absorlKal. It must lie remcmlicred that only so 
long as the {Kirtial pressure of the carbon dioxide in the gas exceeds the partial pressure of the carbon 
dioxide in the liquor can absorption proceed. 

Should the temperature of the luiuoi be brought too low, the resulting sodium bicarbonate is 
of a jXisty consistency. It is almost impossible to filter or wjish the material, and on calcining in 
the Thelen pans it is discharged in the form of small balls, the oul.side of which is the normal 
carlxmate, whilst the interior is a core of the hicarbonalo of sodium. 

The magma of hirarbonate of soda and ammoniacal liquor is llitjwn hy the gas pressure from 
the precipitating tower to the filtering plant. The temperature of the liquor leaving the carbonating 
tower will he about 30" C. or lexs. It may, however, be mentioned liere that it is not so much 
the final temperature of the liquor which affects the grain of the bic-arbonatc of .soda, a? the 
conditions existing in the lower before that temperature is readied. 

• 

Obstructions in the form of hard crusts of sodium bicarbonate gradually form 
in the precipitating tower, with the consequence that at intervals the towers must 
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either be changed over so that the fresh ammoniiical brine is pumped through the 
precipitating lower in order to dissolve these crusts, or the tower may be treated 
with steam and tlie dissolution of the crusts effected in this way. 

The li<|Ui)r leavirij; (he ^lr^l Solvay lower may contain up to 90 g. [ter litre of cariron dioxide, 
whiM the liquor entering the filter will h.tvc licen carlxmatcd to such an extent that it contains 
alruul 20 g. per litre ol free arnntirnia. 

The Honigmann apparatus (shown in Fig. 5) consists of three or more conical 
vessels fitted with cooling pipes, which are filled with ammoniacal brine, and 
through which the carbon dioxide is pumped in series. The gas pipes and valves 
on these vessels are so arranged that the gas may travel after the manner of the 
counter-currents, r>., the strongest gas passes first through the vessel containing 
liquor weakest in free ammonia, whilst the almost spent gas travels through the 
liquor strongest in free ammonia. 

At intervals, when precipitation of the sodium bicarbonate is complete, the 
contents of one of the Honigmann carbonators is blown to the filter, after which 
the vessel is refilled with ammoniacal brine and the process repeated. 



According to llu- d/- of the vc-tscK ll.c iimounl of liicarhonnlc of mkI.i pioduccd in one operation 
will vary fiom 8-12 tons. The lime neceS'..iiy foi the , lodurtion of this quantity depeluU, of course, 
on the concentration of caihon tlioxide. in the g. .. together with the r.ilc at which it is pumped 
through and alooihed. For the most part in pi.tclice the little oreupted in c.irlHni.itiiig the coiitenls 
of one of the Honigmann vessels will lie fioiii .six to nine hoiiis. 

The chief advantage claimed for ihe Honigmann apparatus is that the vessel 
does not become crusted U|i with bicarbonate of stida as is the case with the Solvay 
tower. Further, the resistance presented to the passage of the gas from the com¬ 
pressing engines is less, and in consequence a saving in fuel is effected. 

The Honigmann ap|)aratus, however, introduces an intermittently working plant 
into the middle of a process otherwise continuous; moreover, the system of counter¬ 
currents produced by the Hejnigmann apparatus is by no means so perfect as that 
produced by the Solvay Jower, with the consequence that the absorption efficiency 
is not so great. 

Thus with the ' h.Digniann .qipjr.itus S0.90 pet cent, of the tiit.il rarlxm dmxids- passed Ihruugh 
will be alisorbed, wliil.* with Silvay lowers the ahsorplion etliciency may rise as high as 9095 
per cent. , 

When woiking with the Honigmann apparatus one vessel will always lie discharging its contenU 
to the filler whilst another is heitig filled, so that through these two vessels the carhoir dioxide will 
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only be passing through a small head of liquor, and the aljsorption of-carbon dioxide alaorhcd will 
not be so efiicient as would otherwise he the case. During the period elapsing Ijetwccn the emptying 
i» one carlwnaior and the filling of another the vessel will he completely empty, and absorption 
ol carbon dioxide will then only lie procecnling in the other two vessels. These defects do not 
appear in the Solvay tower, since with normal working the tower is always full of liquor. 

On the oontent of carbon dioxide in the gas entering the carbonating plant the 
success of the whole process largely depends. The progress of the absorption 
of the carbon dioxide by the litjuor is represented by the curves shown in Fig. 6. 



] j(5. (3,—Al)''Orpiion '.>fCO.^])y a 4 mmoniaral Brine. 


' It will IfC seen liml the concentration of the c,irbt)n dioxide in the clear liquor continuously 
increases to the )u>int jr, \shen, owing If) the separation of sodium bicarlKrnate at this time, a sudden 
fall occurs. The free ammonia content of the liquor falls slowly up to the point ,»• owing to the 
removal of ammonia in liie gas current, w’ltiKl after the point.. the progress, of the action, 

(NH),l!CO, + NaCl = NH4CI + NaHCOa. * 

is seen hv a rapid full of the free ammonia content, and a subsequent increase in l!ie content of 
fixed Nli j. At the time .v the whole of the ammonia in the ammoniacal l>rinc ha.s Ireen converted 
into the normal carlnjnate, and as has already Ireen mentioned, where Solvay towers arc used this 
part of tl)e ojxration would he cunducled in the semi-carhonating tower, t^hilst the finishing proc^ 
from A onwards would be conrluctcd in the “making” or “finishing” tower. A glance at the 
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curve shows that the preliminary carlionating process represents about one-third of the whole 

"**Tht"de.sign of the Solvaj towers and Honiginann carhoniil..rs is based oii a consideration of the 
work which must be done m order to absirrh unit weight ol earlxm dioxide in ammoniaral brine of 

suitable concentration. i e- i o v 

Thus in the ca.se of the Solvay tower, the higher the column of luiuor through which tlie gas has 
to pas.s, the more perfect will be the absoiption, but, at the same tniie, the greater will he the work 
which must lie done by the compressing engines to effect that absorjition. Kxperiments carried out 
by the author show, as would lie expected, that there is a certain point of maximum efticiency when 
a compre.ssor f)f given capacity under consideration. _ v i • i r 

If the work required to absorb unit weight of carbon dioxide is pli>tted against the height or 
liquor in the tower, all other conditions l)eing constant, then a curve sliowing a mmiraum value is 
obtained. 


The liquor blow'n by the gas pres.sure from the Solvay tower or from one of 
the Honigmann vessels has now to be filtered. The filtering plant originally 
consisted of a round or rectangular vessel provided with a false bottom, over 
which sacking or other similar material would be stretched. 1 he magma of 
bicarbonate of soda and liquor was introduced into the vessel, when the liquor 



;._Mechiinicul Bicarliimute of Soda Kilter—Kcvohiiig Cylinder Ty|ie. 

would pass through the false honom, leaving the bicarbonate of soda to be 
subsequently washed with water. The filteiing action would be assisted by a 
pump which, besides drawing off the liquor, maintained a vacuum under the 
cloth The bicarbonate of soda was subsequently dug out, and in some cases 
it would be further dried in a hydro-extractor. 

These old static filters arc now quite obsolete. They have been replaced in 
all modern works by mechanical filters which consist of a rotating perforated 
drum or cylinder covered with flannel, inside of which a vacuum is maintained. 
The drum or cylinder is partially immersed in a trough containing the magma 
qf bicarbonate of soda and liquor. By means of the pressure of the atmosphere 
the liquor is forced through the cloth, leaving on it a layer of the substance in 
suspension. As the drum or .cylinder revolves the layer of bicarbonate of soda 
is washed jiith water, and subsequently scraped off by a knife. See Figs. 7 and 8. 

When working with a mechanical filter, as described above, it was found that 
after a short time the pores of the filter cloth became clogged, and thus impeded 
the filtering process, with the consequence that from time to time the apparatus 
had to be stopped and the cloth washed. In order to avoid this trouble the 
filters are now divided into compartments, a vacuum being maintained in each 
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compartment, except the one which has just passed the knife and is about to 
enter the liquor. Into this compartment, by means of a mechanical device, a 
pressure of air or liquor is introduced. In this way the cloth is cleaned before 
it enters the liquor, with the consequence that the efficiency of the filter is 
maintained at a maximum. 



These filters, which are descrihed in EnglMi Patent 4,725, 1896. Sulv.ay el Cie, aKo English 
Patent 28,791, 1903, Hinighton and United Alkali Co., are shown tn Figs. 7 and 8 respectively. 
Fig. 7 shows a filter of the revolving cylinder type, whilst Fig. 8 shows_ja fillet of the rotating 
dium lyiie. ^ 

The bicarbonate of soda leaving the filter will have the following composition :— 

NaHCO, - - - - - 84 ijer cent. 

1 I..0 '.15 .. 

NaCI.0.3 „ 

Nil.,.0.7 „ 
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The mother liquor is diluted to an extent of about lo per cent, by the wash 
water, and by dissolution in this water a small quantity of the bicarbonate of-soda 
is carried into the mother liquor. This liquor now contains nearly the whole of the 



ammonia originally present in the ammoniacal brine. About 8 per cent, has bee.i 
mechanirally carried away by the passage of the gas, and will have been recovered 
by means of brine in tfat carbonator washer, and thence returned to the absorber. 

A small quantity is contained in the bicarbonate of soda. 
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It appears quite impossible to remove by washing with water the last traces of ammonia present 
in the bicarbonate of soda. Whether the ammonium compound is present in the form of a M»lid 
Solution, or has licen absorbed by the sodium bicarbonate, it is difficult to say. Further, it is 
impossible to tell by analytical methods in what state of combination the ammonia is present. 
Probably a portion is present as ammonium bicarlxmate, although it is possible that some compound 
such as a double or complex carltonale *>f sodium and ammonium as— 

NaO, 

>C=^ 0 , 

NH^tr 

()XaNll 40 s 

or 0 - 0'^ t: = 0 may have l>cen fi rmed. 

0 -'" 


Distillation of the Ammoniacal Liquors 


The mother liquor has now to be treated with steam and lime in order that 
the ammonia contained therein may be expelled and again absorbed in brine. 

The ammonia distilling plant is perhaps the most important part of art 
ammonia soda factory, as it represents the connecting link between one cycle of 
operations and another. 

The method of distilling the ammoniacal liquor consists in submitting it first to 
the action of steam when the free ammonia present, chiefly as the acid carbonate, 
is ex])elled. Here also any sodium bicarbonate present in the liquor reacts with 
the ammonium chloride thus ■ 


NallCO, 1 NIIjCl = N.i('l H Nib, I ll.p ) C(b. 

After the removal of the free ammonia the liquor is treated with milk of lime, 
and again subjected as before to a current of steam 

Two types of distilling apparatus are shown in Figs. 9 and 10. 

The principle involved in all ammonia distiller.', is the same, although the consitmlion of the 

apmratus caries somewhat in detail. . , , . » 

The liquor is pumped first of all into the top portion of the distiller known as the heater. A 
current of steam rising upwards expels the free ammonia. The liquor leaving the healer may now 
pass into the first compartment of that portion of the apparatus where the fixed ammonia is to be 
expelled. From here, after treatment with milk of lime, it flow.s downwards through the various 
compartments whilst the steam is bubbling through it, carrying away the ammonia gas Thus as 
the liquor falls down the distiller, it becomes weaker and weaker in ammonia, until finally, on 
arriving at the l..st compartment when the whole of the ammonia has been driven oft, the spent 

liqiioi is blown awav by the steam pressure as the effluent. . 

In .sonic cases the Ittiuor leaving the healer may be treated with milk of liine in a siKcial vessel. 
From this sessel it may either be blown or pumped lack to the distiller, or alternatively the mixer 
may lie placed at such a level that the li(|uor flows in and out by giavity. 


The principles to be considered in the distillation of ammoniacal liquors are as 

follows:— . 1 . .k 

1. A sy.stem of counter-current.s mu.st he employed with regard to the 
transference of heat, in order that tlie efficiency of the heat exchange between steam 
and liquor may be a maximum. This it will be seen is more or less accomplishea 
The fresh steam comes into contact with the hottest liquor, whilst the exhausted 
steam at the top of the heater comes into contact with the coldest liquor. 

2. A system of counter-currents must be maintained with regard to the com 
centration of the ammonia in the vapour and in liquid phases, or rather with regard 
to the tension of the ammonia in the vapour and liquid phases. By this, of course,, 
it is meant that the fresh steam must come into contact with the liquor weakest in 
ammonia, whilst the exhausted steam must come into contact with liquors containing 
a high concentration of ammonia. This system of cqpnter-currents here outlined 
is unfortunately not perfect, since, as will be shown later, it is impossible to produce 
a system of counter-currents perfect both as regards heat transference and ammonia 
expulsion. 


The determining factor in the transference of the ammonia from the liquid KawW ^ 
will be tbe difference lictween the partial pressure of the ammonia in the liquor and vapour 



314 INDUSTRIAL CHEMISTRY - 

respectively. Thus tlie ideal system for ammonia distillation would be a system where the tension 
of ammonia in the va]K)ur increases as the tension of ammonia in the liquor increases. It nwy be 
represented as in Fig. n. 

The curves show that here, as wc pass up the apparatus, the tension of the ammonia m the liquor 
and in the vapour steadily rise ami converge until finally on leaving the apparatus they coincide 
alternatively ; it may be said that the difference between the tension of ammonia in the gas ami in 
the liquor increases from zero and then decreases again to that value. The velocity witli which 
the ammonia is being expelled at any ]x>int will be proportional to the difference in tlie two partial 
pressures. Thus for example at the point x m the apparatus it would l>e proportional to the 
distance A B. 

The actual conditions existing in a distiller deviate fiom the ideal conditions, owing to the fact 
that the tension of NIl.j in the liquor is at a maximum in the middle and not at the top of the 
column. This feature is shown in Fig. 12. 

The point x indicates that compartment of the distiller where the lime is introduced. It will 



Fk;. 11.—Ideal Conditions for Ammonia Distillation. 


be observed that a very rapid increa.se in the tension of ammonia both m the lujuoi and vapoui lakev 
place at this point. 

It is, of course, obvious that only so long a, the partial pressure of the ammonia in the liquor 
exceeds the partial pressure of the ammonia in the vapour will the gas be expelled from solution. 
Since the tension of the ammonia in the litjuor increases rapidly with rise in temperature, it 
may so happen that at the top of the heater where the coldest liquor is being introduced, the 
conditions will l>c reversed, i.e., the tension of ammonia in tlie vapour exceeds the tension in 
the liquor, with the consefjucnce that the concentration of the gas m the liquor will increasie 
by the ammonia going into solutions I'hese conditions are shi'wn in Fig. i Thus at the 
point y the aigmonia previously spelled starts to dissolve again. 

The tension of ammonia in the vajinur afier the pointy will tend to decrca^c owing to the 
removal of ammonia from the vapour to the liquor, but at the same lime the condensation of water 
vapour will lead to an increase in the tension of ammonia in the vajx>ur, with the consequence 
that a break in the curve occurs at this point. 

This condiiuMi of affair# u by no means hypothetical. In fact with an inefficient heater it may 
so happen that no free ammonia at all is evolved in this jxirt of the apparatus; in fact it is quite 
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possible, under vm adverse conditions, which, however, sometimes exist, that the liquor leaving the* 
l-ealer contains a higher concentration of ammonia than when it entereti. 

The dotted line in Fig. 13 shows how this might result. It will he observed that in this case 
the tension of the ammonia in the licjuor never in the healer exceeds the tension of ammonia in the 
vapour. 

Under these conditions, which are of ct»uisc exceedingly objectionable, it will usually Ik,* found 
that the liquor leaving the healer contains a laigc quantity of carbon dioxide present as ammonium, 
carbonate, with the result that the milk of lime combines with the carbon dioxi<le to give calciunv. 
carbonate— 

(NHdX’O, H* Ca(OH).2 = 2NH., + lip + CaCO,. 

Hence not only carlion dioxide but also lime is wasted, since the reacti«»n - 
CaCO, + 2NU,C1 = CaCt + ILO + 2NH, 



Fk;. 12.—Tension of NIlj in Liquor during Process of Distillation. 


only proceeds very slowly in the still and the greater put of the calcium caihonate will pass away 

The distillation of ammonia in the u|>per poitions of the still proceeds rdth great rapidity, hut 
the final expulsion of the lost traces of ammonia is only accomplished with dilticully. 


In order that there may he no loss of ammonia in the effluent, it is necessary 
to work with a small excess of lime in the distiller. This excc-ss must, of course, be 
kept as low as possible, and with an efticient plant skilfully handled will vary rronfi 

3-5 g- per 'itre. . 

It will be apparent frnm a consideration of the factors prcviouuly outlined, on whijh the distilla¬ 
tion of the ammoniacal lit,not depends, that it will be especially advantageous to work the 
distiller under a vacuum, since in this way the parttal 

decreased, and the tendency for the gas to lie expelled from solution is. ofcotirse 
modern distillers ate now worked under a vacuum which extends through f‘“’f 
towers. Care has to be taken in working the appralus under a vimimm 

partments in the di.stillcr do not become gxs locked, otherwise the liquor will hold up in the 
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ht*fttcr, and thereby cause jjreat irregularities in the working of the entire plant. With a distiller 
suital)ly designed an«l worked under the correct conditions, this gas locking trouble, however, does 
not occur. 

The construction of ammrmia distillers has been continuously improved and their cajxtcity 
increased until at the present day one unit will distil sufficient lujuor to protluce from l,000 to 2,000 
Ions of adi per week, working with abs«>hne regularity for twelve months, when supplied continuously 
with steam, liquor, and milk of lime. A certain (ptantity of scale slowly forms in tlit' distiller ; it 
consists for the most part of calcium sulphate and Naj.S(>4 which has been produced by the follow¬ 
ing reactions from the calcium sulphate originally present in the brine. 

In llte absorlier—' 

('aSO^ + (Nll^lXO;; ^ CaCO;, + (Nnj,.S(-)4. 

n the distiller— 

(NII,LS04 I TaO - ('aS(\ t- aNMI. H- IU>. 



Kn;. 13.—Tcn.Mon of Nik. in Luiuor duiing Pnicess of Distillation, showing 
Absorption of Nil., previously cxpelle<l. 


A sample of lliis s< ale examined by the author ha<l the comiTosiiioii; — 


( aSO^ • 

(afO.; 

Niu,S(J4 - 
MgSO, - 
NaO 

IloO (fliffeieiice) - 


76.83 p<T cent. 

6.35 M 
3-76 

0.04 

0.4S „ 

> 3-54 


The steam used for driving off the ammonia in the distillersis supplied by 
the exhaust of the eompressing and other engines in the plant. The valves on 
these engines will be set in such a way that expansion in the cylinder takes place 
down to the back pressure of the ammonia stills. In order that the steam con¬ 
sumption may be kept low, it is apparent that this back pressure must be reduced 
as far as possible. This is, of course, in part effected by working the distiller 
under a vacuum. The total quantity of heat that must be supplied to a 
distiller depends on a very Ikrge number of factors, so that it can hardly be here 
attempted to consider the question in detail. It will be sufficient to .state that 
in practice it will approximate to 3,000,000 kilo calories i)er ton of ash produced. 

In tin- iltsiun of i, factory it is an important matter to decide as to liow many of the engines 
wdl be made c .miensing •and liow n.any non-condensing in order tiiat liie re<|uisite quantity of 
btcam may Ik* admitted to ihe anmionia di-slillfr. 
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The economy obtained by exhaust steam is evident, the engines merely acting as reducing valves. 
Of the total heat supplied to the engine, 97 per cent, will pass awiiy in the exhaust. 

The utilisation of high pressure an<l superheated steam for the purpose of ammonia distillation 
has often been suggested. Tlic fact is frequently lost sight of, however, that the eftecl of the 
superheat will l)e almost entirely removed in the lx>ttom compartment of the distiller. Thu final 
result lieing ^)ial rather less effluent will l>e produced owing to the evaporation of a certain quantity 
of liquor in tlie Isiitoin coinpirlinent. Further, it will already have l»een ol>served that the 
important factor in expelling the ammonia from solution is not so much the intensity of the 
temperature of the steam as the volume (Kreupied hy it. since each bubble rising through 
the apparatus has a tendency to become salurated with ammonia gas. 

The gases leaving the distiller are maintained at a temperature of 75“-85” C., 
and will in consequence he saturated with 
water vapour at this temperature. In order 
that the brine in the absorber may not be 
unduly diluted or heated by the condensa 
tion of the water vapour, the temperature 
of these gases is reduced to about 57°- 
60° C. by passing through a cooler which 
may be of the evaporative or multitubular 
type. 

The lifpior condnising in these coolers \-^ a strong 
solution of ammonia ctmtaining more tir les^ carlxm 
di»)xide. It IS run back lo some ;)ortion of the healer, 
preferably the upjHT compartment's, in tirdei that the 
system of counter-cuiienlN ma\ be maintained. 

'I'he gas, after being cooled, passes to the 
absorber, when the cycle of operations is 
once more commenced. 

It is es,enll;il tluil the pipes ettryinj^ the aminoniii 
gas Ik* r*l .imple dimensions in order that very little 
frictional resistance U* offeretl to the pas'^age of the 

current. 

The Lime-Kilns.— The function per¬ 
formed by the lime-kilns m the ammonia 
soda process is two fold. They supply not 
only most of the gas necessary for the car¬ 
bonating operation, but also the lime for 
decomposing the ammonium chloride. 

Owing to the necessity for recovering the 
gas, the limestone is calcined directly with 
coke in closed kilns. The suitably propor¬ 
tioned mixture is introduced into the top of 
the kiln, where it is heated by the issuing 
gases. It then passes through the zone of 
combustion where the change 

CaCOj = CaO + COo - 42.520 caloric-. ‘ 
takes place. 

The hot lime, as it passes further down the kiln, is cooled by the air entering 
and is finally discharged, either by mechanical means or by hand, Into waggons. 

It will be .seen that an clticlcnt kiln is pcifcctly rci;ener.itivc in action, the whole of the heat 
being conserved. , 

h'ig. 14 shows one type of kiln in use. • 

The lime may be delivered into a vessel provided with a perforated* false bottom 
provided with agitating gear (shown in Kig. 15); here it is slacked by hot water. 
The milk of lime containing 250 g. per litre CaO is run olf and sieved, when after 
passing through storage tanks it is delivered to the ammonia stills. 



‘ Thomsen. 
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Tlicsc inlermillcnt lime slackers have in soiik' \Nork j^iven way to'a continuous form of 
apparatus. 

The gas evolved hy the lime-kilns is drawn by the compressing engine through 
scrubbers which consist of towers, where the gas is either caused to bubble through 
layers of water, or it is exposed to the action of a current of water flowing over 
some suitable packing material, such as coke, limestone, blue bricks, etc. After 
jiassing through the scrubbers it is mixed with the gas given off during the decom¬ 
position of the bicarbonate of soda, and delivered by the compressors to the 
carbonating plant. 

Calcination of the Bicarbonate of Soda.— Having now described the 
cycle of operations which has led to the formation of srxlium bicarbonate, and 



t-'io. lO.- -Thelcn Pan. 

subsequently to the recovery of ammonia from the mother liquors, we may now 
proceed to the final stage of the operation—the conversion of the bicarbonate of 
soda into the normal carbonate. The decomposition is effected in one or two 
operations, and may be carried out in mechanical or static furnaces. 

When thf operation is carried out in two stages the bicarbonate of soda is first 
calcined to the point when most of the i^oisture and the whole of the ammonia 
has been evolved. It is then jiassed to the 'J'helen pans where the decomposition 
is completed. . 

T!k‘ final calcining operati»)n may also he carried iuil in a revolving furnace, such as that 
descrilred in United States, America, Patent 386,^64, 1888, which is 60 ft. long, 5 ft. diameter, 
and is heated externally hy gas. 
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The most usual form of calcining furnace is that known as the Thelen pan, 
vhich is shown in Pig. 16. 

It consists of a numiier of cast-iron semicircular plates alniut 2 in. thick. 6-io ft. in diameter, 
iind 7-8 ft. loiiK- A number of these jians are holled together by means of flanges, so that the 
total length of the furnace may be from 30-50 ft. 

The pans are heated externally by means of gas, or coal. The flue gases traverse the lengtii of 
the furnace and pass away by means oi a downlake. 

The moist or partially dried bicarbonate of soda is fed by a mechanical device into the furnace 
m such a way that no gas can escape. The material inside the furnace is carried backwards and 
forwards by a number of scrapers so inclined as at the same time to push the material forward. 
These scrapers arc attached by means of arms to a rotating shaft which makes a semicircular 
movement. In this way the substance is pushed slowly over the pans towards the end of the 
furnace and is eventually discharged at a temperature of about 160" C. The discharge of the 
material is conducted in such a manner as to prevent the entrance of air or the escape of gas. 

The mechanical gear on these furnaces will, according to the size of the apparatus, absorb from 
10-20 ll.P. 

The following figures, taken by the author, show the progress of the calcining 
operation as conducted in a Thelen pan, the samples being taken every six minutes. 
'I'he bicarbonate of soda was a special sample arranged to contain as near as 
possible 20 per cent, of moisture. 


Nao('( 

1 NallCO., 

i\aCI 

Nil, 

H,0 

[tor C'l-iU. 

j per (.'cnt. 

per Cent. 

1 ))er('enl. 

per Cent 

Nil 

1 

7Q.0 

0.57 , 

i 0-75 

19.68 

J3-o» 

S<'.o 

1 1.0 ' 

0.12 

9.8 

3 .S- 8 , 

54 

i 1.07 

i 0.00 

9.0 

88.27 

0.0 

1.0 

! 0.03 

17 

88.5 

0-0 

1.0 

Nil 

; 1-5 

99.0 

Nil 

■ '-0 1 

; Ni/. 

j Nil 


The mixture of steam, ammonia, and carbon dioxide leaving the furnace is 
drawn first of all through a multituhular condenser. Here the steam is condensed, 
giving a solution, the composition of which will vary within small limits according to 
the content in ammonia and moisture of the material which is being calcined. It 
will contain, however, about 25 g. per litre of ammonia and 42 g. per litre of ('O., 
and is thus a mixture of the normal and acid carbonate of ammonia. After 
leaving the condenser the gas may be passed through a brine or water scrubber, 
where the last traces of ammonia will he recovered. Finally after mixing with the 
furnace gas it passes to the compressors. 

Althouf^h it has been stiowii liy Gautier (/h-i, Dttttvh, Cktm. 0>j., 9, 1434. 1876) that romplete 
<lcarai|Xi:;it'on of sodium liicatijonate takes place readily at loo'-Iio" C., yet in practice in order 
to increase tin velocity of the action much hijjlier temjK*ratures are used, and in tiie holtc.st part of 
the furnace under the Thelen pans the temperature aill he in the neiphhourhood of 1,000" C. 
The presence of moisliire in ihe material, its low conductivity for licat, toirelher with the tendency 
which tlie crude hicarlionate lias to form into lumps, renders this part of the ptoccas most diihcglt 
to c,arry out ecomuiiicaily in jiraclice. 

In order to ealciiie too kilos of bicarbonate of sotia, the foilowinp rjuantities of heat must lie 
supplied:— 


Decomposition of NalICO;- 

• 27,800 calories. 

Evaporation of water • 

- 18,900 ,, 

Heat lost by the CO2 • 

1,610 

Heat c-arriecl away in ash 


Kacliatiun, etc. - 

<* • 13,000 


66,000 approx. 


Abstiminp coal willt a calorific value of 6,500 calories is used and a heat efficiency of 70 per cent, 
in the furnace, the quantity of coal reriuircd will be about 14.5 kilos per ^100 kilos of ash, i.e,, the 
amount of fuel burnt under the furnaces will be I4J tons for every 100 tons of ash produced. 
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When the soda ash is intended for export or glass-making purposes, it is after 
.eaving the Thelen pans again calcined at a high temperature in a Mactear furnace, 
and subsequently ground to a powder. In this way the density is considerably 
increased. Thus, whereas too g. of light ammonia ash occupies a space of about 
600-700 c.c., the same quantity of “ heavy ash " only occupies about 300 c.c. 

The soda ash is conveyed by a worm conveyor to the ash mill,'where in a 
mechanical sieve it is reduced to a fine powder, and is then ready for packing. 

The Compressing Engines —The gas compressors form a very important 
part in an ammonia soda factory. 'I’heir function is, of course, after drawing the 
gas from the lime-kilns and the furnaces to force it through the carbonating 
apparatus. The back pressure exerted by the carbonating apparatus will be from 
35-40 lbs. with Solvay towers, and from 30-40 lbs. per square inch when Honig- 
mann’s carbonators are used. 

The compressors are direct aclinjj, and arc UhU.illy filled with niechaiHC.illy ojHrraled valves such 
as those of the Burchardl or Riedler type. It is impossilile to use the highest class of valve giving 
a sharp cut off, owing to the exceptional difticult) of remi>ving llie last traces of dust from the 
lime-kiln ga'-es. It is of couise essential that in any case the gas passing to the engines should he 
as free as possible from suspendcfl matter, otherwise the gas cylinders and valve faces rapidly 
become sc<»red. The cylinder will in all cases be water-jacketed. It is necessary, however, 
to cool the gas still further before it enters the carbonating plant. 

.Content of Carbon Dioxide in the Various Gases.— A very large portion 
of the power raised in an ammonia soda factory will be used in pumping the 
carbon dioxide through the carbonating plant. It is hence a matter of the very 
greatest importance to maintain the content of carbon dioxide in the gas as high as 
possible in order that energy may not he uselessly exiiendcd in compressing large 
volumes of weak gas. 

In ordei Id produce I metric ton of sodium carbonate the quantity of carbitn dioxide theo- 
rctically lequlred is 422 cub. m. at N.T. P. 

A ccitain quantity of carbon dioxide will, liowev<‘r, after coinpres-»ing be !o^l ttwing trt the 
following causes 

1. Inefficient ab-xnption in the carbonating pl.int. 

2. Formation of calcium carbonate from calcium sulphate in the hrine. 

3. Incoiuj)lt*le expulsion of carhon tlioxide in the heater. 

4. Incomplete absorption of carbon dioxide in the absorbet. 

5. LeaU.age thnuigh valves, piston rod, glaiuK, etc. 

The total loss of carlnm dio\nic will vaiy in diffeient fiictorie-. between fairly wide limits, and it 
will usually be found necessary to pump from 450-500 cub. in. per metric ton of ash produced. 


Of the total (juantity of carbon dioxide required for the production of Jthe 
sodium carbonate, theoretically 50 per cent, should he drawn from the soda 
calciners, and 50 per cent, from the lime-kilns. Since, however, the quantity of gas 
that has to be passed exceeds the theoretical q.iantity, the greater volume must be 
drawn from the lime-kilns, since the calcinaiion of the bicarbonate of soda cannot 
furnish a greater quantity than 2 11 cub. m. per ton of ash produced. 

The Content of Carbon Dioxide in the Lime-Kiln Gas.— In order m calcine 100 kilo, of 
limestone, the (ollowinj; quaittilies ol he.at niiisl. in practice, be sufiplied ;— 

Decomposition of Cat'0,1 - 42,500 talutie. 

Loss by withdrawal of hot lime, exit of hot gases, radi.ition, etc. - 15.103 ,, 

Total 57,6ai ,, 


Now the quantity of heal given o^t hy the burning of I Ug. of c.irbon present in the coke will 
l>e apptoxinuitelj 8,000 kilo calqries. The total quantity of o.irlwn necessary is hence :~ 


57,600 

8,000 


= 7.2 kg. 


This quantity of carlwn will requite for combustion 13 cub. m. of oxygen yielding 13.0 
rub. m. of CtL. As thur oxygen is supplied hy the air there wdl also be present 53.6 cub. m. of 
nitrogen. 
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Thus the issuing gases will have the following composition 

CO3 from decomposition of CaC()( - - - 22.4 cub. m. 

COo from combustion of coke - - - - 134 ,, 

N2 from atmosphere - - . - . 5^.6 ,, 


89-4 

and the content of the c'arhon dioxide in the i;as will he 

35-^ ^ = approximately 40 (>ei cent. 

89.4 

A'ssuining coke with a content of 90 per cent, avail.ihle carbon is used, the consumption of 
this material will be 

7.2 X kilo-s per 100 kilos of limestone. 


Content of Carbon Dioxide in the Furnace Gases. The design of tlu* calnmng furnaces 
has been coiitinmmsly impioved until the gas now diawn ln»m this source contains from 90 98 per 
cent, of carbon dioxide, and practically no loss occurs. 

Content of Carbon Dioxide in the Mixed Gas.- If u is assumed that the total loss of caihon 
dioxidi- in the process, owing to the various causes previously mentioned, is 10 per cent., then it will 

l)e necessary to pump 422 X ^^^ = 469 cirb. m. of earUm dii>xi(Je to produce 1 metric t<jn of ash. 

Of this (|aanlity the furnaces should supply 200 rub. m., leaving 469 -200 = 269 cub. m. of carbon 
dioxide to be supplied by the kilns. 

200 cub. m. of carlMUi dioxide fiom furnaces at 95 per cent. =210 cub. m. gas. 

269 ,, ,, lime-kilns at 40 pci cent. =672 ,, 


Total 882 


Thus i-n Older to produce 1 metrii ton of ash it will be necessary io conijiress 8S2 cub. in. of 
gas Coin unmg 4O9 cuji. m. of caihon iboxide, 01 53.2 per cent. In' volume. 

It will be seen that llx- I'ontent of r.irbon iboxide in the mixeil gas is not only dependent on the 
.strength of the lime-kiln and furnace gases, but also on the total (|uanlity of gas pumped, and on 
the (juaiitity of gas recovered from the furnaces. 

Summary of the Operations-— I'ig- 17 -show.s diagrammatically the manner 
in which the various parts of the apparatus in the ammonia soda proces.s are 
combined togetlier. 

I.imestone mixed with coke is charged into the kiln A. 'I'he issuing mixture 
of carbon dioxide and nitrogen is drawn by the compressing engines c through 
the water setuhber n, and is then pumped through the carbonating tower r>, where 
it meets a stream of ammoniacal brine. Here most of the carbon dioxide is 
absorbed, and the spent gas containing a small quantity of ammonia passes through 
the brine washer n where the ammonia is recovered. A final scrubber o, fed with 
water, removes the last trace of ammonia gas should any escape the washer n. 

The m ign.a of bicarbonate of soda and ammoniacal liquor is blown from the 
tower D by means of the ])ipe k to the filter r. The moist sodium bicarbonate 
passes to the furnace T, where it is calcined and sub.sequently discharged as soda 
ash at 0. 

The gas leaving the furnace is drawn by the compressor c through the condenser 
s, where the water vapour is condensed. The final traces of ammonia in the gas 
are removed in the washer v, after which it is mixed with the lime-kiln gas. 

The liquor leaving the filter passes to the storage tank q, and is delivered by 
the pump R to the top of the heater l of the ammonia distiller. The ammonia 
is expelled from solution by a current of steam supplied through the pijie a. After 
reaching the bottom of the heater l the liquor leaves by the pipe i), is mixed with 
milk of lime, and returned at c, when the fixed ammonia is expelled in the still k. 
The spent liquor is blown away by the pipe b. 

The gas leaving the ammonia distiller, after being cJoled in the apparatus h, 
bubbles through brine in the absorber o, where most of the ammonia is dissolved. 
Any gas not absorbed passes to the washer m, where, by means of fresh brine, 
the last traces of ammonia are removed. The brine entering the absorber conies 
from the tank v after passing through the washers n and M. * 

VOL. I.—21 
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f IG. jj .—Diagram shc»Mng Amnionia Soda Process m Outline 
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The ammoniacal brine, leaving the absorber c, passes through the settling vats 
»■ and F, and is delivered by means of the pump e to the top of the carbonating 
tower. 

Control of the Process. —In order that the final product may be produced 
with the rainimum consumption of raw materials, and in order that the maximum 
output of the various units may be maintained, it is necessary to watch every phase 
of the process with the greatest care. 

The lime kiln gases and furnace gases will be continuously sampled in order 
that the concentration of carbon dioxide may be maintained at a maximum. 
Further, the relative quantities of each of these gases, as shown by the mixed gas 
lest, will be watched. 

'riiis relation is uadily olitainetl. 

Let A volume of lime-kiln f^as and f' * per cent, of (‘Oo, 
y — volume of furnace gas and /l • per cent, of 
1 ’ — per cent, of O L in ini\ed gas. 


Then 


.ind 


He 


^ \<)luinc of CO., m lime kiln gases, 

KX) 

= \olume of CO., in furn.iee ga*;. 

100 

/I +/n' 
l(X) 

I : V 


100 r, 


or. .ri/i r)-ar(P-/), 

i (.s \ : r ~ f'X I*: I* - /. 

It will lie seen that leLuive volumes of lime kiln and fuinare gas are inversely proportional to ihe 
amoun's l»y which the lespeciive carbon djovide content differs from the mixed gas content of carlion 
<lio\ide, and the itlUive volumes of c..ubon dioxide supplied can be obtained thus:— 
i'O. from lime kilns _ f[p\ - V) 

Co., from furnaces /l(P /) 


Thi' exprt svi . 


/(/■i I') 

■ /■(!' /•) 
'rhe sm.ii'cr the value is. 


should .ipjrro.u-h unity. 

the higher will be llie efficiency of the process. 

Ihc spent gases leaving the carhonator washer must also be analysed in order 
lhal this los‘ of carbon dioxide may be kept as low as possible. 

It may Ik lii're pointed out that if the gas leaving the piocess contains 5 per cent, of carlion 
dioxide, the jrerteniage of carbon dioxide really lost is much greater. If r=:pcr cent, of COo in 
original g.is, and ^' = per cent, of COj in the gas Iciiving the process, then the percentage loss 
of CO., will l)e 

■ '■> , .00, 

(100 - j')i 

from which c'.picssion it is upparetU thiU ilic piericntuge loss of carbon dioxide is dependent, not 
only on ihe aetiial peieentap'c of carbon dioxide in the gas going to the atmosphere, hut also 
on the p-'icentage of carixin dioxide in the gas entering the process, for by increasing a the value 
of the alKi-e expression will be lower even if file value of y remain eonstant. 

According to the efficiem y of the carbonating jihant, the exit gases will contain 
from 2-10 |)cr cent, of carbon dioxide. An average of 3-4 per cent, will represent 
fairly good modern practice. 

’I'lie ammoniacal brine in the absorber will be sampled every few minute.s, and 
its content in ammonia and salt determined. 

II is essential to llie success oi the process that ibe conccnlralion of ammonia in the ammoniacal 
l.rinc keep constant at the required figure, whilst the .s.xll content must continually be kgpt as 
high as possible. 

1 luring the carbonating operation frequent samples are taken at varigus stages. 
Where a semi-carbonating tower is employed, the content of the carbon dioxide 
in the liquor leaving will be determined by Lunge’s volumetric method. During 
I he precipitation of the bicarbonate of soda the temperature is carefully controlled, 
and the decrease in the content of free ammonia watched. .The operation is so 
conducted that the liquor ptissing to the filter is of uniform composition. 
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The bicarbonate of soda leaving the filter will be tested for ammonia, salt, 
and moisture. During the calcining operation the physical appearance of the 
material undergoing decomposition and temperature of the product leaving the 
furnace are the most important features to be watched. The final product may 
be tested for sodium carbonate, salt, insoluble matter, and iron. The quantity 
of the two latter constituents should be almost negligible, with the consequence 
that the soda ash produced is e.'cceptionally pure, containing from 99-99.7 per 
cent, of Na.,(X);,. 

The return liquor going to the ammonia still is tested for free and fixed 
ammonia ; the liquor leaving the heater for free ammonia and carbon dioxide. 

The concentration of the milk of lime, and the lime excess after admixture with 
the ammoniacal liciuor, require very careful control if the distilling operation is to be 
carried out with the minimum loss of lime and ammonia. 

Il is essential lhal liie strength of the milk nf lime he maintainetl as high as pn.ssihle, in artier tn 
avoid excessive dilution of the liquors and consequent increase in the steam consumption m the still. 
Further, as every cubic metre of effluent will curry away from z-ro kilos of lime unit a trace of 
ammonia, il is ap]iaccnt that the total volume of effluent must he kept loi\. 

The content of ammonia present in the liquor nearing the bottom of the 
ammonia distiller is continuously determined, and the operation so conducted that 
the liquor in the last compartment contains an almost negligible quantity of 
ammonia. 

In practice, however, this litiuor will alwins contain a tiace of ammonia, .dthough thi- total 
amount should not exceed .001 g. per litre. The rpiantity of effluent passing per ton of ash 
produced will thus he carcfullj lecordcd. 

The temperature of the gas at the top of the heater, and of the liquor leaving 
the healer, is kept under close observation. 'I’oo high a temperature at the to|i of 
the heater will mean excessive steam consumption, and a huge amount of work 
being placed on the gas coolers. Too low a temperature will mean inefficient 
working'of the heater. In consequence, the tcnqieratures are maintained at the 
figure which cxpcrienr e has shown to be most suitable for the particular apparatus 
in quc.stion. 

The temperature of the gas leaving the coolers must be maintained in the region 
of 58 -60- ('. lielow this range the pijies will become blocked with ammonium 
carbonate. .Vbovc it excessive quantities of water vapour are carried to the 
absorber, and the salt content is diminished, further, the temperature of the 
absorber will also rise, and this, as il has been mentioned, it is desirable to keep as 
low as possible. 

The Yield of Soda Ash per ton of ammonia distilled is an important factor. 
The equation:— 

zNIbllCO: -I aNuf 'i zNiiUCO, + zNIbCl 

I 

NiUKk I- Ik.O t CO., 

shows that I ton of ammonia should produce 3.1 tons of ash. 

In pructice, however, for a large mimhcr of leasons. the yield fidU cimsulerahly shoil of this 
figure, and may fill as low as 1.6 tons of ash per ton of ammoni.i distilled. 

In any plant when the stock of ammonia is more or less constant the 
determining factor in the output is a figure which may be called the ammonia 
cycle. This figure is obRiincd from the expression 

Tons of NH;, distilled per unit of time 
Tons of Nil, in stock ’ 

and thus lepresenti the number of times the stock of ammonia has gone through 
the cycle of operatioiis in the period under consideration. The greater the speed 
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with which the ammonia stock can be circulated through the various stages of the 
operations, distilling, carbonating, and filtering, the greater, of course, is the 
production. 

It is scatj't'ly necessary to adil llttit tlic power consnmcti in tlie .ammonia sotlii process .should be 
generated as economically as p<sssil)Ic, the evaporative efficiency of the boiler plant lieinjj controlled 
in accordanee with the most modern practice. With normal working the steam load will be 
practically constant. latrge ijuantitics of hot water for boiler feed purposes can usually be 
obtained from various sources, so that the eftieieney of the boiler plant should lie high. The 
cffeclise utilisation of the steam once generated wilt depend on the eftieieney of the process. 
A large jiroportion will he consumed by the compressing engines, ,and it is necessary to indicate 
frequently the gas and steam cylinders m order that llieir efficiency may he maintained at a 
maxitnuin. Further, the relation between the qiiantily of gas which appears to have passed from 
idtenncal considerations, and that which should have been inimped, assuming a certain volumetric 
elficicncy of the compressor, should lie recorded in order that any discrcp.aney in.ay at once be 
noticed. 


Although the chemical reactions underlying the ammonia soda process are 
so simple in character, yet on the industrial scale the greatest difficulties are 
presented. The various operations are so interdependent one on the other that 
inefficient working, or a breakdown of any portion of the plant, is at once reflected 
throughout the entire process. Further, the disturbing influence will make itself 
felt for a considerable period after the defect has been remedied. 

In order to maintain the continuity of operations so essential to the success 
of the process, it is necessary that those parts of the plant liable to accident or 
breakdown be duplicated. 

'J he manufacture of ammonia soda in the most economical manner is an operation on which 
iiiu.si he broujjhl 10 hear exjierience, logelher wiih the hi^jhesl technical ability. 

In nu^ern f:ict(»riesa \ery liipli stale ofcfl’jciency has iicen arrived at, and with almc»si monotunous 
rtj^uiarity, day and nij^ht for three liundred an<l sixty-five da\N of the year, many hundreds of 
tons of soda asii |icr week arc produced with a minimum consumption of raw materials. 

Fartfines designe<l, and subsequently worked, hy those without previous experience in the 
industry Iiiive usually had to undergo many alterations before efficient working could he attained. 
Once, howtxer, the initial difficulties of tlie process ha\e been overcome, and the plant has l)een 
made efTicieni, very little further irouhle will result. 


Consumption of Raw Materials and Costs.— The raw materials used 
in the ammonia soda process are coal, coke, limestone, and ammonia. 

The lost per ton of these materials will be governed partly by the locality 
of the factorv, w'hilst the actual consumption will depend on the efficiency of the 
process. 


Such has heen the uilvancv made in the industry, that the figures given hy Schreib (Chtm. ZeU., 
1S94, p 1951), as the lowest ixKsihlc according to calcnlatton, are those now realised in actual 
prrtcticf. 

C<*n‘*um| lion of materials for too kilos of soda;— 


('oke 

Limestone - 
Coal 

Ammonia ■ 


6.5 kilos, 
120' „ 
50 „ 

0.22,, 


Whilst the con.sumplion of c<»ke will he slightly more than the figure given hy Schreib, the 
ammonia loss will l>c considerably less, and with gtiod practice should not exceed o.i kilo per 
100 kilos of ash. In order to arrive at the final cost of production of the finished article, it 
will be necessary to add tc* the cost of raw materials, wages, standing charges, cost of package, etc. 
As these latter items are variable, it will be unnecessary to vliscuss them here in detail. Owing 
to the great facilities usually affordc«l in the fa< tory for handling the raw- materials, and to the 
fact that the actual product during the variou.s stages of manufacture is never touched by hand, 
the wages item will lie very low, whilst owing to the large amount of plant and land necessary 
for pnKlucing ammonia soda, standing cliarges will he rather high. 

Finally, it may be said that the ammonia .soda process is in J^e hands of very few firms, and 
is by them conducted with the greatest secrecy, so that those details so c.ssential to tRe commercial 
success of the proces-s arc not known to the general public. 

Those who peruse the patent literature will have been struck in recent years by the absence of 
matter relating to this process, an<l from this might be led to conclude that little or no progress 
has recently been made. Such, however, is hy no means the case. ^Rather than indicate to 
competitors the directions along which economy can be effected, and rather than invite them 
to infringe the patent in question, or to improve upon it, the manufacturer prefers to carry on 
bis Operations behind closed doors, behind which none but the most trusted employees are admitted. 
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Modifications of the Ammonia Soda Process 

The final re.sull of the ammonia soda process, 

CaCO; 1 2Na(.'l — C.iCU + Na.jCO.. 

leads to the formation of (wo products, only one of wliich is of any great commercial value. Iru 
consequence o} this, the application of the ])iocess to the treatment of sodium sulphate wav 
patented by Bower. Knglnli I’atent 8,413, 1840 ; Gerlach and Weldon, English Patent 5,605, 1883; 
also Gaskell and llinter, Englisli I’alenl 5,712. 1S83. Its application to sodium nitrate wav 
patented by I-esagc t'o. m 1871. and by t'liance in 1885. ('oKon {loi. .?/.), again, discusses 
this subject, \\hicli has been lurther investigated by hedotiefi and Koliunow {Zeth. anori;. Chem.^ 
1914, 85, 247). They find that ihe liehaviour ol sodium nitrate is very similar to lliai ol sodium 
chloride, although il is possible by suitable treatment to precipitate ihi. wlujle ot the sodium as the 
bicarbonate. 87.5 per cent, of the ammonu may be recovered as the nitrate: alternatively after 
distillation with lime a product may l>e obtained having the composition 7<».42 pel cent. CiiNlI.)j 
and 20.58 per cent. NaNlI,.. This substance, of couise, sliould have a high mamirial valut-. 

The German Patent, 104,720, directs llie elect lols sis of the ctlluent afler-ini\Uire with concent i.ited 
brine. Owing, however, to the precipitation of lime m the [lotes of tins diapraglmi this was not 
successful. 

Kinlay (Knglisli Patent 16,853, O.K.]’. 216,265), in ordei to recover ammoni.i ami 

chlorine, submits ilie .ammonium chloride formed in the procis' (o electiolysi*., iiioie sodium 
chloride being added if rccjuired. l.oss of nitrogm. .ind in consequence ot .mnnoni.i, duiing the 
opeiation. h<»\se\ei, renders tins plo^■cs^ impiaclicabk. 

Clemin (Vaiglish Patent 16,470, IQI3) lie.il'' the ammonueal motlur liquors with an eleelrolvscd 
solution of lirine in oulii to ex}xd the anmionia. Tin causjie sod.i le-icl'., of course, with llie 
ammonium chloride to legeneratc salt. Thi'> icsuUiiig '.olimon is again elei tiobvi-d .nui U'.c.d as befoic. 
Only a ver> low conccniralion of lisdiox)! loiis i-, aimed .M dunng eleclroli^is in ordci thai Llie 
current efficiency ma) l«“ high. 

The palenlee I'luims that in this wa) .1 peifcd piocess is obtained, and loss of soiiiuni i hloridc Is 
avoided. It is indeeil impossible to cim<ei\e iiow such an lAtiaoidinai) claim (an be )Usiified It 
must i>e at once apparent that the utilisation of sodium eliloiide 111 the pi<>eess is determined 
entirely b) the carlionating operation, .and can be in no w.iy rlcpendeni on the distillulion of the 
moth(‘r liquors. In such a pioeess as that .iimed al in tins paienl, atlei the distillation ol .1 ceil.nn 
amount of mother liquor, the icsulling effluent is again eleetiol) sed. and used foi the lieatuu ni of a 
furthei quantity of the moliici liquoi, with tlie result that (lie amount of hquoi in eireul.ilion iluough 
the ammonia stilK will incie.ase indefmitelv, and m a plant produung i.(kx) tons of sod.i ash pei 
week the amount of li(|Uor thu.s circulating al the end of the fust week would lie in llie region of 
.seven million litres. It is. ol course, quite impossibU to entry oui a prtieess ol ihis natuie. 

It would appeal that w’hut is m tile mind of the p.ilenlee must in in lealitv the legencialion of 
tile sodium ehlondv b\ distilhUum of ilie motliei hquois with eU-eliolysed bnne. and llie sulist'qmnt 
treatment of this sodium diloride again in the abs«ir!>er and (aiboiiatmg plant lalihough no 
indication of such a claim appeals in the patent). 

It must, howcvei, be icmembticd lli.H tlie leaelion— 

NH,^- N.xOII --- NaCI + 11,0 ) Nil 

leads to a dilution of the sodium ehloiule, so lliat the solution of salt obiained will noi Ik- ^.itui.ited. 
1 ‘urthet. It would he necessurv to produce by ele'trolysis such ,i (ju.inlity oi c.iusIk sod.i and 
cidoime U' would lx- equivalent to the whole ol ifu soiiiuin eaibon.ite piodu( eil, w ii fi the eonseqiuuiee 
that a imieh moie dneel and economical process for llie prepaiation of sodium (aibonalc W'luld he 
to carbonate llie caustic alkali during eleetiolysis as in the ll.iigieaves bird cidl 

It is unnecessary to point out lurlhei defects m sueb a [laleiit .is applied lo iIk- ammoni.i soda 
industry, although lliey are man). 


By Products of the Ammonia Soda Process.— Aliliougli it has oftoii Iiccii 
pointed out that the longevity of the Leblanc process lias been due to tlie recovery 
of by-products, and that in this respect it has an advantage over the anmionia soda 
process, yet in reality this adyantage is not very great, for while the I.eblanc 
process car^ point to bleaching powder, sulpliur, and hydrochloric acid, the Solvay 
process can point to chloride of aiiinionia, carbonate of ammonia, liiiuid ammonia, 
and calcium chloride. 

The outstanding defect in the ammonia soda process is tlie fact that practically 
the whole of the chlofine originally present in the brine is run to waste as calciurai 
chloride. .V small quantity ot this material is recovered and used for dust laying, 
refrigerating, and other purposes. 
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By means of this calcium chloride Messrs Brunner, Mond, & Co. jirejiare melallic zinc. 

Calamine suspended in a solution of calcium chloride i, treated with a curient of carlxm dioxide 
when the following reactions take place 

CaCI., d ZnO + C 0 „ = CaCO., I- ZnCl.^, 

CaCI.. + ZnCO., = ZnCk -I- CaCO.,. " 

The zinc is subsequently recoveied from the chloride by electrolysis. Difficulties were at first 
experienced in obtaining a cohetent deposit of zinc, but these have now been overconte. 

Numerous attempts have been made ttt vaiious directiotis to recover the chlorine present in the 
calcium chloride a.s such, but so far no economical method has been found. 

Soda Crystals. —A Large ttmount of sodium oarbonato finds its way into 
commerce as the decahydrate (NaCO;,. loH^O) and is known as soda crystals or 
washing soda. It is very largely used where a mild form of alkali is required. 

Soda ash, produced by the ammonia soda process, is dissolved with the aid of 
steam and a mechanical agitator in a mild steel vessel; a small quantity of salt 
cake is also added to harden the crystttls. The solution is made of such a 
strength that it has a specific gravity of about 1.2-1.3 at 100“ C. It is then 
passed into settling tanks, where the liquor is treated with bleaching powder in 
order to oxidise any organic matter that may be present and so decolori.se the 
solution. Also in this way any iron present will be converted into the ferric state. 
Subsequently milk of lime is added, and any iron precipitated. At the same time 
the calcium carbonate produced, in falling to the bottom of the settling vat, carries 
with it other suspended matter of lower density. After standing fur several hours 
the clear liquor is syphoned off into large mild steel semicircular crystallising pans, 
which usually hold from 8-10 tons of soda crystals. Flat bars are placed on the 
top of the pan and lie in the liquor in order that the crystals forming on the surface 
of the solution may be supported. 'I’hc process of crystallisation usually takes 
about seven days in the winter and ten days in the summer. At the end of this 
time the mother liquor is allowed to drain away, and the crystals are crushed and 
subseqi'cntly treated in a hydro-extractor. The finest crystals are those formed 
on the surface of the !ii|Uor. 

A .cry l;iip;c aniouiit of vp.xce is ri-quircd foi the protluelioil of soda crystals, owing to the length 
of time wliicli thi liquor must remain m the cry.stallismg puns. In consequence a large number 
of patents i,a\e been taken out to expedite the prnre.ss oi cooling by using artiticial means. Cy. 
Mactear {Knglish Patent 10.651, 1884), Dekher (English Patent 24,978, 1898), Kunstner (English 
Patent 5,808, tooo). In this w.iy, however, only small ery.stals are obtained, and although in this 
folia the pioducl is equally well, m fact bettei, suited for the purposes to which .soda crystals 
are put. doubtless owing to prejudice on the part of the consumer, it is not widely used in this 
counti) On the Continent, howerer, considerable quantities are produced. 

Crystal Carbonate. -When .a hot solution of sodium carbonate is allowed 
to evaporate, fine crystals, having the composition NajCO-iH.jO, are deposited. 
This monohydrated carbonate of sodium is placed on the market under the name 
of '‘crystal carbonate.” It contains 81.5 per cent. Na.,C03, 17.73 per cent. 
H., 0 , as compared with the decahydrate, which contains 36.7 per cent. Na.,CO;, and 
62.86 per cent, of H„ 0 . The dissolution of the monohydrate in water results in 
the evolution of heat, whilst in the case of the decahydrate the action is endo¬ 
thermic. 

At about 500“ C. ordinary soda crystals dissolve in then water of crystallisation, wlieteas the 
monobydrate does not melt below- a red heat, with the consequence that crystal carbonate finds 
application in tropical countries, p'urther. for export puriroses especially, the lower cost of 
carriage per unit of alkali is of course an advantage. 

Bicarbonate of Soda. —The sodium bicarbonate produced in the ammonia 
soda process contains a small quantity of ammonia which renders it urtfit for many 
of the purposes to which the pure product is put. In order to produce the refined 
article the ammonia may be expelled from the crude product by a preliminary 
roa.sting operation. A large quantity of carbon dioxide is, hpwever, lost in this way 
and it will in consequence be necessary to recarbonate the product so obtained 
after dissolution in water (C. F. Brock and Hawlickek, English Patent 8,314, 1896). 
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The bicarbonate of soda which separates out is filtered in the usual way and 
most of the moisture removed in a hydro extractor; finally in a current of hot air 
or CO., (C. F. Jarmay, English Patent 3,889, 1893). The product is dried, then 
subsequently ground to an impalpable powder. 

The expulsion of the ammonia from the crude bicarbonate of soda'may also 
be effected whilst it is in solution or suspension by means of steam ; recarbonation 
of the resulting liquors will, however, be necessary (C. F. Solvay, English Patent 
173, 1888: Jarmay, English Patent 23,890, 1893). 

Amonjil'st “liitT iiu-lhods for tlic pn-jEiration of pure Incarbonalc <if sotla may Ik.- mcnlioned ihal 
patented by Mond and J:irma\ I’atcnl 2.996, 1884), vklio direct the diFSolution ol Uie crude 

salt jn watei at 65' C'. After filtration and cooling, pure bicarlKmale of soda separates out, leaving 
all ammfumim salts m solution. 

Concentrated Crystal Soda, Sodium Sesquicarbonate (Watts and 
Richards, English Patent 13,001, 1886).—This substance (NaX10,,NaHC032H.,0) 
is prepared by allowing a solution containing suitable proportions of the normal 
and acid carbonates of sodium to crystallise above 35". It finds application in 
wool washing and possesses the advantages of being neither efflorescent nor 
deliquescent. 
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THE STASSFURT INDUSTRY 

Jlv Frank Milsom, B.Sc. (I-ond.) 
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The Stassfurt Industry 

The Stassifurt deposils were discovered in the year 1839, and have proved of vast 
importance technically as the source of a large quantity of the potassium salts of 
■commerce, besides magnesium and sodium salts. 

'I’he following minerals are found ;— 

Mineral. Formula. 

Rock .salt - - - . NaCI 

Anhydrite - . (laSO, 

I’olyhalite - - K ,SO^.MgSO,.2CaSO,.2H.p 

Kieserite - - - .MgS 0 ,.H .,0 

Cvnallite - KCl.MgCl. 6 H ,,0 

Boracite (Cryst.) • - 2Mg.,Bp,j.MgCl.j 

Douglasite- - - ■ 2K.ci.FeCl.j.2H./) 

These are the originally deposited minerals. By their decomposition the 
minerals given below are formed and are accordingly found in the deposits. 

Mineral. Formula. 

Sylvin - . - . KCl 

Kainite - - - . K.jSO^.MgSO^.MgCl.j.bHoO 

Schbnite - - - K..jS04.MgS04.6H.p 

Tachhydrite - - - (,aCl.,.2MgClo.i2Hp 

Bischofite - - - - MgCU. 6 H „0 

' Krugite - - - - K:.,S0;.MgS04.4Ca,S04.2Hp 

Reichardtite (Epsom salts) - MgSO^.yH/) 

' Cilauberite - - - Na^SOj.CaSO., 

Astrakanite - - Na.,S04.MgS04.4H.P 

' Vinnoite - - - • MgB204.3H„0 

Hydroboracite - - CaB./OjMgB.OjbHp 

• 

Gypsum (CaSOj.aH.O) is also found m the upper strata. 

From the first discovery of them the nature and composition of the deposits has aroused great 
interest. Great numbers of experiments have been done with a view to determining the origin 
e>f the deposits. The question is a very complicated one, and much valuable work was done on it 

■ These minerals are decomposed by water. 
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by van’t Iloff. It can only l>e referred to very briefly here, as the question is one of pure chemistry 
rather than of great technical importimce. It has been found that pressure and temperature have- 
a great influence upon the salts deposited from a mixture. 

example, fiom a solution saturated with sodium chloride at 25" C., and also containing 
magnesium chloride, potassium sulphate, magnesium sulphate, and potassium chloride, the following, 
aie obtained : 

Name. 

Rock salt 
Sylvin - 
Oirnalliie 

Magnesium .sulj>haie 

Magnesium clikniile 
Schnnilc 
(ilaserite 

Magnesium sulphate 

SiHliuin sulphate 
Asirakanile 

Ity \arying the Unii'Ct.iluu* ami pies-.ure can he olilaincd .dio — 

Kiesciitc , - - . - . MgSnj.Il.jO 

Kainile - . . ... R ,S()j.MgS<>4.Mg('L 6 H.. 0 ’ 

With this hiief gcneial smve} of the deposil- we ran pas^ to a mole detailed actoinu of the 
various salts. 

Carnallite (Mf;( 1 K.(.' 1 . 6 H ,()).—Curnallik- oi pohivsiiim niagnesiuiii chloride is 
the tninoral from which most of the ])otiissium chloride ol commerce is obtained. 
It is t)f a red eoloui, due, according to Ruff, to anhydrous ferric oxide. .Sp. gr., i.6 ; 
hardness, i (Moli.); greas\, shining lustre; colour, white, pink, oi red. gives a 
conchoidal fracture; intumesces when heated, easily soluble in watei. 

Carnailite contains a minimum of y per cent, potassium chloride, which is obtained 
from it in the following manner:— 

liy dissolving the crude salt in the hot mothei liquors (TiJe infra) and allowing 
to crystallise, a produc t containing 8o 85 per cent. poU.sium chloride is obtained. 
This method of manufacluie is still much used. 

Several other methods of treating the carnailite are also in operation (see 
Potassium Salts). 

By the clectroljsis of fused carn<illitc metallic magnesium is obtained. 

Kainite (K.jS04.MgS()|.Mg(’l_,.61R0).-Kainite is sold midei a guarantee as 
containing 12.4 per cent, potassium oxide. Sp. gr., 2.13; hardness, 2 (Moh.); 
vitreous lustre; colourless, grey, or yellow crystals ; soluble in water, 

Jt is used as a source of potassium sulphate, whic h is preparcal from it by the 
nielhod of I’reeht, which consists in heating the mineral with a saturated solution 
of potassium magnesium sulphate and sodium chloride under a pressure of 2-4 
atmospheres. The double s.alt (RjS()|.2MgS(),. 11 , 0 ) separates and is filtcTed off 
and washed. By this washing, 1 molecule of magnesium sulphate is lemoved, 
and the residue (K.,S()4.MgS()|) comes into the market as potassium magnesium 
sulphate, l!) treating these with potassium chloride, potassium sulphate can be 
obtained. 

Another mclliod of scjiaraling the pnlassium as poi.issium sulphau-, or as potassium sodium 
sulphate, con ists m ihc use of aimnonia, wheiel*y the magnesium is sep.irated as the double 
ammonium chloride. Rnougli .tmmonia is fiist led in lo comUne with half the m.ignesium, the 
magnesium hydrates are filtered ofl'and the filtrate .saturated wiiii ammfmia. The m.ignesium now 
remains in the solution as ihe double .^idt, and the potassium .suljdiaie .sepai.ites. 

Magnesium cliloride is obl.iiiied from the mother Inpiors of the ahtv c salts, 'riie.se contain 
2S-20])ei cent, magnesium chloride with about o.j pci cent, magnesium hiomide. This latter is 
separated and used foi the preparation of hiomine. 

The liquors arc concentrated to a specific gmvity of I.3S8-1.401, and on cooling this 
MgCl.jfill.jO crystallises out (see Magne.vium Salts). 

* 

Kieserite (MgSO^.H.O).—Sp. gr., 2.5-2.6 ; hardnes.s, 3 ; vitreous lustre ; white, 
yellow, or grey crystals; easily fusible; soluble in water. Kieserite is used as. 


k'onnuki. 

NaCl 

KCI 

KCI.Mg<'l.,. 6 II .,0 

MgSOj.UtU) ■ 

Mg.S(h.7lI.4) 

Mg(:i,6ll.,0 

K...SO'.MgS()j, 6 II ..0 

K.NalSO,).. 

.Mg.S()jSH.,b 

MgSO,4H ,0 

NiuSOj 

N.vSOj.MgSO,411,0 
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the source of l')psom salts, or magnesium sulphate heptahydrate. I his is obtained 
,by long boiling of the kieserite with water. 

Glauber Salt.— 'I'his salt, well known for its medicinal properties, is obtained 
at Stassfurt,by working up residues from the carnallite (see talrle). 

These have the following composition ; 

NVC;i - - 4.V,S'i rvi ‘vnl 

Kci - - - J5 •• 

Mgt'l., ----- 3-4 .• 

MgSU, - - - • ■ 

CaSO, and insnluhlr tnatli 1 ’ 7'9 " 

WaU-r . ■ 

These are allowed to stand some time in the air. and are thi-n dissolved to make- 



Kn.. i. - StJ".riut hall 

a solution of specific gravity 1.268-1.29 at 33“ ('., vhich contains about 150 kg. 
magnesium sulphate per cubic metre. This solution is allowed to spontaneously 

evaporate in flat crystallising pans. 

{'ilauber salt is formed according to the equation — 

MgSO, -r aNat't -= 

The crude crystals are drained and recrystallised, and dried at 25 -30 C. 
Boracite.-The following miner.als are classed together under tjie name of 
Boracite;— 


Boiiicito - 
llydrolKmiLiU- 
I’innoilc 


• 2\I'i + 

^ MglLOj.alU* 


These are found in lumps in the deposits of carnallite and kainite. They are 
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sparingly soluble in water and ran be obtained by washing out the more soluble 
portions of these salts. 

The percentage of Boracite is from .0112-.045. 

■|’he residue from the working up of carnallite, etc., contains about 15 per 
cent, boracite. 

Boric Acid is obtained from these boron-containing minerals by |)recipitation 
with hydrochloric acid. 100 parts boracite require 150 parts hydrochloric acid 
and 500 parts water. From 100 parts boracite, 82-85 crystalline boric acid 
are obtained. 

The “end liquor” of the potassium salt manufacture contains much magnesium 
chloride, for the preparatitm of which see Magnesium Salts. 

.'\ small amount of magnesium bromide is contained in the magnesium chloride. 

The end liquor contains from .287-.323 per cent. MgBr.^. This corresponds 
to about 3.5 kg. bromide per cubic metre. The bromine is separated by treatment 
with chlorine ;is described under Bromine on [). 403. 


Treatment of Carnallite 


Cnitlc carnallite healed with crude li(|U<>rs. 


Residue, luTiittl wnh 
ntw lujvior. 

I _ _ 

I I 

Sotuhle residue Liqut>r uved ajjain 

<NaCl, MrSOj). lur dissolviii}.:;. 


Pressed with water <ir dibstjlved and 
I rrystalli'-ed. 


I 

Residue Kicserite 




I 


I 


slinie. (jlaiil)er •'ah. larjiior. 


Shme 

{Kicseri!c + NaCi). 


KCI I. treated 
with more li<]i;or. 


K('1I. laqi.or. 
So-yij'/ t 


Mmldy main liquor 
cleared. 


Cleared main liquor 
crystallised. 


Urst mother 
lujuor e\aporated 
and crystallised. 

_ I 

I . ' , “I 

.\ruticial End li<)uor. 

* cMrihillitt'. I 

I I 


I I . ■ 

Kt'lll. I.iqunr used in 
»)o n8‘/.. liissolving crude! 
. —►(.irnallite. I 


Residue Kieserite. Glauber Liquor. Slime. 

(NaCl). salt. 


KCI. 


End liquor. 


Statist tes cn Sat.t 


Suh. 

j I89S. 

j 


1 '1 ons. 

Potassium chloride 

*‘> 1,347 

Magnesium cldoride 

- • iO,Siq 

Glauber sal^ 

♦ - bq. 111 

Potassium sulphate 

• ■ ; 

“Magnesium” - 

* 3 , 9^2 

Magnesium valph.Tte - 

> 0,295 


1 35 .j<ki 

-tluiii 

4,069 

T..tal 

■ - 382,842 


I 


I-KOM 189S TO 1907 


; 1899. 

190;. 

loot. 

1902. 

'I ttns. 


Tons. 

Tons. 

207,306 

271,512 

294,666 

267,512 

: 2',.570 

19.397 

21,018 

19,658 

79.062 

90.468 

76,066 

90,742 

26,105 

.30,855 

37,394 

28,278 

9.765 

15.368 

15,612 

18,147 

.19,540 

48,591 

46,714 

39,262 

37,69.5 

44,372 

46,807 

47.905 

.5,35« 

4,355 

4,145 

4,108 

424,397 

524,9'6 

542,422 

S'.5,6 i 2 
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Statistics of Salt from 1898 to 1907—continued. 


Salt. 

■ -j- 

1903. , 

1 

1904. 

1905. 

1906. I 

1907. 

• 

potassium chloride 

Magnesium chloride 
(llaulx‘r sail .... 

Potassium sulplialc 
“Magnesium” .... 
Magnesium sulphate - 

Alum - . . . - 

Tons. ] 

280,248 1 
22,990 1 
83,oS7 ] 

36.674 ' 
23.631 
37.844 
49.727 

3.934 

Tons. 

297,238 

25.730 

76.034 

43.959 

29.285 

39.312 

55.4S1 

3.850 

Tons 

373.177 

29,017 

68,455 

47.994 

34.222 

58,568 

55,806 

4,270 

Ton-'. 

403,387 

38,468 

81,175 

54,490 

.35.211 

42,041 

55.969 

4.494 

Tons. 

473.138 

32,891 

80,340 

60,292 

33.368 

41.105 

59,473 

4,200 

Total .... 

538.135 

571.389 

671,509 

715.235 

784,814 






SECTION XXIX 


POTASSIUM SALTS 

By Fkank Milsom, B.Sc. (Bond.) 

'l'uhnvlO}!;iial (Shtmi.U 


LITKRATURK 

“The World’s Supplj of I’otasli.” Tlie Imperial Institute, I^ndon, 1915. 

'I'hk great commercial importance of potassium salts is so self-evident that it needs 
no comment. 

'i’he chief of these salts are The chloride, Sulphate, nitrate, car 
honate, bicarbonate, hydrate and chromate. 

Potassium sails of vaiious kuuls art* found in many mineral deposits, the moM notable of which 
are the Siassfurt deposits ), ami the various saltpetre lieds of the world, chief among which 
are lliobc of C'eylt)n. 

'rhesf mineral stairces can be classed ittgctlu'r as inorganic sources, but one great l»ranrh of the 
potassium industry consists m the manufacture ol potassium carlamate from vegctabh* or organic 
•sources. 

The most important, ]>erhaps, of all the various manufactures is the preparation 
of potassium chloride from the Stassfurt deposits. 

It is prepared from carnallite in the following manner- 

rh(“ orude ore, containing usually about 16 per cent. KCl, is first of all dissolved, 
usujilly m the “end liquor’’ (see table, p. 332), which itself contains 10-20 per 
cent, of magnesium chloride. 'Phis liquor is kept at boiling temperature 
{approximately 115’' (A) during the solution. When the maximum amount of ore 
is dissolved, ibe hot liquor is run off from the insoluble kieserite and mud into 
•clearing vats and is allowed to stand (still being kept hot) for an hour or two. If 
necessary the specific gravity of the solution is reduced to 1.28-1.30 before clarifying. 

I’he cTinfied liquor is then run off into crystallising vats, and allowed to cool 
fairly slowly It is allowed to crystallise for two or three days. 

Fig I ■^hows ihe plant u'.ed in working up the camallilc for KCH manufacture. The raw 
carnalli'c is coarsely ground in the mill tz, then transferred by the elevator b to the dissolving 
Ixiiler made <if cast iron and fitted with a ])erforated false bottom, on which the carnallite resu. 
The capacity of the boiler is usually 12 cub. m. It is fitted with steam-heating coils and a valve 
for running oh the contents, also manholes, etc. The liipior used for lixiviaiion (usually the “end 
liquor ”) is pumped from(by the pump //) into the heating lank /, thence it flows into the boiler dy 
where it is lieated to about 115*' C., the boiling being continued for some time until as much salt 
IS dissolved as possible, the crude carnallite being added gradually to the hot liquor. There 
remains behind a mud of kieserite, lumps of hard rock salt, etc. The hot solution flows away 
through the filtering lank e (where much of the mud is retained) into the clarifying tank / and, 
4ifler clarifying, is run hot into iron crystallising tanks, where crystallisation of the K('l I. lakes place. 

These crystals (potassium chloride I.) contain after drying 80-85 per cent. KCl. 

'I'hese are washed several times with water or 'weak liquor, and finally attain a 
concentration of about go per cent. KCl. ' . 

The mother liquor from the crystallisation of the KCl yields on further evapora¬ 
tion “artificial carnallite.’’ This is dissolved in the washing liquors and crystallised. 
It yields a potassium chloride of 90-98 per cent, purity after washing as before and 
drying. The final washing liciuors serve as a solvent for the Crude carnallite. 
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The composition of the potassium chloride I. is approximately 
KCI - 
NaCl ■ 

MeCK- 
Mijso, 

VValt.1 - 

Potassium chloride is also prepared from sylvine (KCI and NaCl) in the same- 
way as from carnallile, and yields crystals of 92-94 yier cent, purity, which after 
washing and drying are 98 per cent. pure. 100 g. water dissolve 33.4 g. KCI at 
15° C., and 5O.6 g. at 100° C. 


85 per cent. 
12 „ 

.05 „ 

.6 „ 

2.5 



Various patent-j on these [»roccs'>es aic : — 


D.k.P. 92,812 of 6th August 1896. 

98,344 of 13th Novetnber 1896. 
D.R.P. 99,957 of 1st DecemtKM 1S96. 
D.R.P. 102,075 of 15th October 1897. 
D.R.P. 129,864 of l6th April 1901. 
D.R.P. 128,909 of 14th Muicli lyoi 
And man\ others. 


D. K.l’. 135,722 of I4ih November 1899. 
D.K.P. 149.435 February 1904. 

D.R.P. 166.558 of isl June 1904. 

D.K.P. 132,474 of l8th June 1901. 
D.K.P. 206.410 of 2nd Octolrer 1907. 
D.R.I\ 207,887 of 28th March 1907. 
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Potassium Sulphate (^.,804) 

iKainite (K.,SO,.MgSO,.MgCl2.6H,jO) is chiefly used as the starting point in 
this manufacture. 

It is finely ground and macerated with water, and allowed to stand in the 
air for some time. It then separates into jjotassium magnesium sulphate and 
magnesium chloride liquor. 

In mndern limes, however, I'recht’s metho<i is followed, vir..: 

Tile crude kainile is heated with a saturated .solution oi common .s.ilt and potassium magnesium 
sulphate under a pressure of 2-4 atmospheres. 

Precht’sdouble salt (K._,S()4.2MgSO,.H,,0) is thus formed. It is separated and dried at too" C., 
and is practically [lure, alter washing. 

(The mothei liquor fiom this crystallisation contains K(il and MgCL and can he used in the 
working up of carnallite.) 

Crude kainite yields 30-40 per (.ent. of potassium magnesium sulphate. 

The washing liquors on evaporation yield Schoenite, K2SO4.MgSO1.6H2O. 

Schoenite can tilso be prepantd by the interaction of crude larnallite with 
kieserite. For this purpose tlie powdered carnallite is shaken with a hot saturated 
solution of kieserite. 

For the preparation of potassium sulphate the jiotassium magnesium 
sulphate, prepared in either of the foregoing ways, is macerated with potassium 
chloride solution of 1.142 sp. gr. (18° He.), or else the solution of the double salt 
is shaken with finely powdered dry potassium chloride— 

K2S(l,.MgS04 -i 2KCI --- MgCX I 2K.,S()4. 

The erystalline magma of (lotassium sulifhate formed is purified by washing. It 
is of about 90 per rent, purity before drying and about 96 per cent, after drying. 
100 g. water dissolve 10.3 g. K^.SO, at 15“ C., and 26.2 g. at too" C. 

Potassium Carbonate (K.CO.,) 

I'olassiimi carbonate (K2CO2) crystallises anhydrous. 100 g. water dissolve 
no g. K^fat 51" C. and 156 g. at 100“ C. It can be manulactured from the 
following sources:— 

1. Mineral- 

fit) From_i)otassium chloride and siilphale. 

(ji) I rom felspar and other naturally occurring potassium silicates. 

(a) (i) For the Leblanc process see p. 291. 

(iil 'I'he ammonia process (p. 299) is not applicable owing to the 
solubility of potassium bicarbonate. 

Ortlicb (I).K.P.'s, 5,706. 9.376, 13,397) used trimelliylaminc. The great soluliilily of the hydro¬ 
chloride of this base admits of the separation of the isolassumi hiairhunale. This ingenious process 
was, however, given up aftei winking foi a shorl time. 

(iii) Precht’s magnesia process. —In this process, kiln gase.s are 
pas.sed into a paste consisting of a solution saturated at 20” C. 
of potassium chloride mixed with trihydrated magnesium 
carbonate (MgCOj.H.iO). The following reaction takes place;— 
3(MgC(h,.3lI.,()) -I 2KCI -I CO. ^ 2(MgCO,,.KIiCOa.4lI.p) -I- MgCI.,. 

The double salt formed is washed free from chloride by a solution of magnesium 
carbonate, and is then heated under pressure at 140” C.. when it suffers decomposition 
thus:— , 

2 (MgC 0 ,.Kllt: 0 ,,. 4 ll 30 ) = 2MgfO„ -f KjCO., -) 9U.jO + CO.. • 

For this process see D.R.P.’s. 55,182, 125,987, 143,594, 155,007, r 72 . 3 r 3 others; also 
U. Engel, D.R.P. 15,218. 

(ji) Hart (U.S. Pat. 997,671) extracts the potash from siliceous minerals by 
fusing with barium sulphide, and extracting the potassium salt with acid. 

VOL. I. — 22 
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2 . Vegetable— 

(m) From wood ashes. 

{/S) From beetroot molasses. 

(y) F'rom kelp. 

(a) Potassium being a ronstituent of the ashes of plants, potassium 
carbonate has been prepared from this source for a very long time. 

Tlie fniU)winK gives the percentage nf potash ami a.sh in some common woods;— 



Per Cent. Ash. 

Per Cent. Potash. 

I'ine . 

0-34 

0.045 

Beecli .... 

0.58 

0.145 

Ash. 

1.22 

0.074 

Oak. 

I •. 3.5 

o -'53 

Willow .... 

2.80 

U.288 

Film . 

2-55 

0.390 

\ ines .... 

3-40 

0-550 

Perii'^ - . - . 

3-64 

0.626 


In Canada most jjotash is made from elm, birch, larch, and maple. 

'I'he witod IS buried in pits dug in the earth and sheltered from the wind. 

The ash is collecteti, spread out in thin layers, sprmUed with water, and worked about until 
evenly damp. 

Tile damp ash is then placed in casks provided with pcrfor.ited double laittoms, which arc 
covered with straw, and washed with water many times. 

'I'he liipior eoiitaintng from 20-25 per cent, of salts is then evaporated, and the solid burnt 
white in a furnace to get rid of organic substances. The yield is ahout to per cent, of the original 
stshes. 

'Phis “ wood-potash ” contains 50-80 per cent, potassium carbonate, 5-20 per 
cent, potassium sulphate, also sodium carbonate, potassium chloride and other 
salts. 


(/S) From Beet Sugar Molasses. —'I'he extraction of potassium carbonate 
from beet molasses is quite an important branch of the potash industry. Germany 
manufactures about 15,000 tons yearly. 'This is manufactured from about 300,000 
tons of molasses, • 

In former times the sugar was got rid of by diluting the molasses, fermenting, 
and distilling of the spirit. 

Nowadays, however, the following method is adopted. 

The molasses is neutralised with lime, and concentrated. When syrupy, it 
is placed on the bed of a reverberatory furnace and carbonised. The heat is 
carefully regulated, so that the mass does not ''use, as this renders the subsequent 
extraction with water difficult. 

The resulting solid is known in Germany as “ Schlempekohle ” or in France as 
“ vinasse cinder.” 


The composiiion ’ of this is as follows; - 


K.,CO.| 

N^Lat'O;, 


KCl 


K,.SO, - 
Insoluble matter - 


30-35 per cent. 
i8-20 „ 

i8-22 ,, 

6-8 „ 


28-15 


Vincent {Compt, Rend.^ 84, 2 l 4 ) runs the liquor at a concentration of 4O" Be. into iron retorts* 
and distil.^ The distillate ^insists of trimethylamine, methyl chloride, ammonia, and other 
substances of lesser impoit-mcc. 

The working up of the “cinder” is proceeded with as follows :— 

The cinder is lixiviated, the liquor being run off when it attains a concentration of Tw. 

This is then evaporated to 74^-82^ Tw. Ihe hot liquid is then allowed to settle for two hours* 


Por further analyses sec also Hinz P'ischer’s “ Jahresl)erichte,” 1893, 3 ® 9 ‘ 
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during which lime potassium sulphate separates along with mud, etc. The clear liquor is then 
drawn off and allowed to co<d. Impure pola.ssium chloride then crystallises. 

The mtulier liquor is evaporated to I27‘'-142‘' Tw’. and is slighUy cooled, when more potassium 
chloride separates. On drawing off and cooling, a double chloride «>f potassium and sodium 
<K2C()j,.Na/"03. J2II2O) separates. 

This IS fil^red ofi and dissolved in hot water, the liquor being then concentrated to 117* Tw. 
Monohydrated sodium carbonate (Na-jCO^.H/J) is separated by fishing. 

The mother liquor is boiled down with the fi»rmcr mother iKjuor from the double carbonate, and 
after settling is calcined. 

Its composition is : - 


K.,CO, - 

- 80-84 

Niva, - 

8-10 

KCI ■ - 

- 3-4 

K,S04 - . 

■ 3-4 

K.jSiC).,, KoUl’Oj, iindl 

0622 

insoluble matter f 



Potassium Bicarbonate (KHCOj) 

This is prepared hy leading carbon dioxide into a saturated solution of 
potassium carbonate. The bicarbonate, being much less soluble than the 
carbonate, crystallises out. 

On the manufacturing scale, it is prepared by passing CO,, into a slightly 
moistened mixture of “ potash and charcoal. 

When all the carboiute is apparently changed into bicarbonate, the mixture 
is lixiviated with water at a temperature of 7o°-8o° C.—not higher, as this would 
decomprose the bicarbonate—and the dear filtered liquor is evaporated to 
crystallisation. 


Potassium Chromate (K./TO^) 

For th manufacture of this imiiortant potassium salt, chrome-iron ore (Cr.,Fe04) 
IS used us the starting point. 

It is mixed with potash and saltpetre and fused. The mixture is powdered, 
and the potassium chromate extracted with hot water. 

Jucfiuehin {!). 106, 405 ; 131, 116) strongly heats the chrome-iron ore with chalk, and decomposes 
the lesulting calcium chrumato witli potassium sul|)hale. 

Accoiding to Mas 3 lgnon and Vatcl (Hll. 5, 371 ; D.R.P. Nr. 56,217), the ptwdercd ore is 
mixed wiiii clialk, the misiurc treated with calcium chloride solution to make a stiff paste, 
formed iiitt) blocks, dried and burnt in a furnace to decompose the CaCO.,. 

The poious mass is allowed to stand in contact with air until oxidation is complete, then 
lixiviated, and the residual calcium chromalc decomposed with potassium sulpliale (or sodium 
sulphate, if ■'odium chromalc is to be prepared). 

100 g. water dissolve 62.9 g. KXrO^ at 20*’ C. and 79.1 g. at 100* C. 


Potassium Bichromate (KT'roO-) 

Frefiared hy roasting finely powdered chrome-iron ore with the purest possible 
lime and potassium carbonate. 

The resulting mixture of calcium and potassium chromates is treated 
systematically with a solution of K0SO4 or K.^COj. 

The liquor is mixed with sulphuric acid until of strongly acid reaction, and 
then evaporated, when potassium bichromate crystallises out. too g. water dissolve 
13.1 g. KjCn.Oj at 20° C and 102 g. at 100° C. 

Potassium Chlorate (KCIO^) is prepared as described in Section XXXVIII., 
P- 385- 
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SECTION XXX 

CALCIUM AND MAGNESIUM 
SALTS 


Bv C’lEOFFREV M4RTIN, D.Sc., I'h.I). 

CALCIUM SALTS, LIME, LIMESTONE, Etc. 

Lime. — Calcium oxide, CaO, is made by heating calcium carbonate—limestone, 
marble, etc. (sec under Calcareous Cements, Vol. 11 . of this work). 

Properties.— White, porous, amorphous mass; sp.gr. 2.3-3.0. Very infusible, 
but melts m highest temptiralure of the O.H. flame, also in electric arc. Emits 
an intense light when heated. Takes up water from the air, and when moist 
rapidly absorbs (.iO„ as well. Much heat is evolved on adding water, owing 
to the formation of calcium hydroside (i/.r’.). Anhydrous CaO, however, only 
absorbs gaseous (X), at about 400' C. (iaO is readily soluble in mineral acids, 
being a strong base. It reacts with alcohol to form calcium hydroxide and 
caleiuni ethylate at J25’ in a sealed tube. 

Qualities and Uses of Lime.— The two main uses of lime are for building 
and (or ehemiiMl manufacture. Technical lime varies very considerably in 
(oniposition. 

I'ur (hfinuMl mamifiirinu' .1 lime as pure .as isissilik- is preferred, liut for building purposes 
inpmrc Ijiaes (smiielimes ajiproxnnating in cinnjxisition to Portland cement) are preferred (see 
under Calcareous Cements, Vol. 11. ol this Work). 

Slaked Lime, Calcium Hydroxide, Hydrate of Lime, Ca(OH)., (see 
under Calcareous Cements, Vol. II. of this work).—Pure slaked lime is a white 
aiiioriihous jiowder, sp. gr. 2.078, sparingly soluble in water; one part of CaO dis¬ 
solves at o' ('. in 759 of water, at 20” in 791 of water, at 99" in 1,650 parts of 
water. At a red heat water is driven off and C'aO regenerated. 

Calcium Carbonate, (XX)..—For occurrence, etc., see under Calcareous 
Cements, Vol. 11 . of this wwk. 

Properties. —Pure water dissolves 18 mg. CaCOx per litre of water. Water 
containing CO., takes up much more owing to formation of e.ilcinm bicarbonate, 
CaCO.,.Tl.,CO.|. One litre of water saturated with (X)., dissolves 0.7 g. CaCOj 
at o' C., and 0.88 g. at 10" (?. Water saturated with CO., under pressure 
can take up 3 g. of CaCO.. ]ver litre. When the CO, is expelled by boiling, 
the CaCO- separates out again, hence the furring of kettles, etc. (see under 
Water Softening, p. 172,,/ sr</.). 

Caf’O.) when heated to redness decomposes to CaO and CO, (sec above, 
under Lime). 

The tension of dissociation of the CaCO, is 27 i»iiti. at 547’ C,, 46 mm. 
at 610" C., 56 mm. at 625° C., 245 mm. at 740' C., 678 mm. at 810“ C.,* 753 mm. 
at 812" C., 1,333 ^t S65' C. The dissociation is aided by a current of 
steam or air. 

Heated in a closed vessel, CaCO., fuses and solidifies to a rtiarble-like calcite. 

Calcium Chloride, CaCI.,, occurs as a by-product m the ammonia soda 
process, in the Weldon chlorine process, in the manufacture of potassium 
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chlorate, in the preparation of CO.,, gas from CaCO^ and HCl for mineral water 
manufacture, as a decom])osition product of bleaching powder, and in making 
potassium nitrate from calcium nitrate. 

Anhydrous CaCl.j is prepared by heating the hydrated salt, CaCK.dHjO, which 
is deposited on evapouting the solutions. Anhydrous CaCb is a wiiite porous 
mass, which fuses at a red heat (755° C.). The porous chloride obtained by 
drying the crystals at 200° is best for use as a desiccator, since heating in 
air to redness causes partial decomposition of calcium chloride, with formation of 
ovychloride. CaCl.j dissolves in alcohol (at 80“ C., 100 alcohol dissolves 60 of 
CaCl_,), and takes up N’Hj to form CaCl.,.8NH.,. It is also very deliquescent and 
soluble in water. 


1 

Teinpi'raliire " (\ 

! 100 11._.0 

. Di'wsolvo s;. ('aClg. 

I g. (.’aCIj Needs 
for Solution g. U„U. 

1 

49.6 

! 2.016 

: 10 j 

' 60.0 

; 1.667 

20 ' 

74-0 

: '-.psi 1 

s 3 '> i 

93 

I -07.3 1 

4'> 1 

110 

0.909 1 

60 

12t) 

0-775 

So ! 

142 

0.704 1 

; <)9 i 

>54 

0.649 


Gerlach (A. Analyl. Ch., 18S7, 26, 413) gives the followin.g H.P.’s for the 
solution of CaCl.: - 



. _ — — — 


- ' 



To 100 g. II ..0 

g. CaCl,.' 

RP. C. ‘ 

T(t 100 g. 1 

B.r. 'c. 



6 

lOI 1 

i 

I7S 1 

150 



21 

104 1 . 

222 1 

160 



41 

I iO 

26S 

170 



69 

120 ; 

292 ■ 

175 



101 

130 1 

305 ! 

178 



137-5 

140 

j 



'J'hc followin:; <;ivcs the S| 

. gr. of solutions of Ca( ' 1 , 


g. CaCL in loo ■ 

- 1 6-97 

I 2 ' 5 fi 23-33 

36.33 :50.67 162.90 

Sp. gr. 19.5° (H/) at -i 1.0^45 

1.09.34! I.16S1 

1.2469 I 

3234 J 1.JS06 


Uses. —(Jn small scale as a drying agenl. On large scale it is never used in drying tnweis, as 
the regeneration of the C'aCI„ is too costly. fLSO, is, therefore, used in drying towers. The 
solution is used, instead of brine, as a refrigerating liquid (see p. 79). 

It is applied as a dust-laying solution for road.s. Attempts to utilise it for the preparation 
of hydrochloric acid, chlorine, and Iheaching solutions proved uneconomical. 

The Ge^llschaft f. SticksUhTdiinger, U.R.l’. 198,706 (1909), u.sed CaCL for aiding the develop, 
ment of Nil,, from cyanamide. 

CaClo has been used for aiding the fixation of atmospheric nitrogen (see p. 477), but the jiro- 
cess seems to have been given up. 

Calcium sulphate, gypsum, and plaster of Paris arc discussed on p. 345. 

Calcium carbide, CaC,, is discussed in Vol. II. of this work. 

Calcareous cements, 'sec Vd. II. of this work. 
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MAGNESIUM SALTS 

Magnesium chloride, MgCl.,, see pp. 330 and 366. 

Magnesium oxide, MgO, see this Volume, p. 366. 

Magnesium carbonate (magnesite) occurs native, also combined with 
calcium carbonate as dolomite, MgCO;,.CaCO;,. 

The hydrated carbonate, MgCOj-aH./i), is formed by precipitating a 
magnesium salt with an alkaline carbonate. The amorphous precipitate is decom¬ 
posed by water into a basic carbonate of the composition 5Mg0.4C0.,. iiHjO. 
Magnesium alba is a basic carbonate of varying composition produced by 
precipitating MgCb or MgS04 with sodium carbonate. 

Maijnesium carbonate dissolves to s<iine e.’ctcnl in w.iter containing ( 0 _. di-solved. Thus at 
19.5' ( 1 ., under I atmos. (lU^, i hire ol water dissolves 25.790. MgCO,. When the COs is at 
9 atinos. pressures some 56.59 g. MgCO., is taken up. 
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THE GYPSUM INDUSTRY 


Ky James Shelton. F.l.C. 
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'I'he miticral gypsum, which consists essentially of hydrated sulphate of lime, 
(riSf)|.2H.X), is e.\tensivcly exc.Tvated as the raw material for that class of cements 
known as the plasters. A considerable amount of this mineral is consumed by 
the manufacturers of Portland cement, as it is common practice to add about 
2 per cent, of gypsum to their jiroduct to tncrease its time of set. In some localities 
gypsum is ground and sold under the name of land plaster, which is a particularly 
valuahlc soil dressing, as it neutralises any harmful alkalies such as “ hlack alkali ” 
•JNa..(.'(),.) and carbonate of magnesia. It .also promotes the growth of leguminous 
plants favours nitrification in soils, and accelerates the decomposition of zeolites, 
making *he itotash available as a plant food. The consumption for agricultural 
purposes is decrettsing, owing to the increased use of superphosphate which contains 
c-alciuni sulphate. (lypsum, if scattered about stables on decaying manure, serves 
•to fix the ammonia liberated by putrefaction thus:— 

(NIip..CO., ] CaSth = CaCO. 1- (NlfiLSO,. 

Under trade names, such as “terra alba,” “annaline,’’ and “satiiiite,” a 
■certain amount of the purer forms of gypsum is employed by paint manu¬ 
facturers for admixture witli pigments (see Martin’s “Industrial Chemistry: 
Organic,” under “Pigments”). For this purpose it is finely ground with air 
separation, so that all passes a sieve with 74 meshes to the lineal inch, and about 
80 per cent, passes a sieve with 200 meshes per tineal inch. Gypsum is also used 
■as a flux in smelting oxidised ores for matte, the stflphate being reduced in the 
furnace to sulphide, and this furnishes sulphur for combination with the metals 
and lime to slag off the siliceous gangue.’ 

‘ “The liehavioiir of Calcium Sulphate at Elevated Temperatures with some Fluxes.” Hofman 
jind Mostwitsch, American Institute of Mining Engineers. 
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The fdllowing figures from “ The Mineral Industry” show the disposal of the gypsum production 
of the United Slates for the year 1908 :— 



(Quantity in 
Short Tons, 

\'alue in $. 

* 

Sold Crude 



Voi I’orilixnd cement .... 

,, fiainl material. 

,, plaster material . - - 

As lanil plaster. 

I''or other jiurpose.'*. 

187,680 

1,281 

29,516 

37,972 

7.4S4 

305-745 

1,300 

77,860 

9 isS 3 i 

11,630 

Sold Call ined 



For dental plaster. 

As plaster of l‘aris, wall plaster, etc. - 
Ti) glass factories ■ - • - 

For Fortlind cement and other jairposes - 

*74 
1,074,22'> 

36,802 

6 if) 
3,508,520 
41.102 

99-934 


1,3^9,5511 

4,138,560 


Tlie rock gypsum of the plaster manufacturer is a soft mineral, easily scratchetl 
by the finger nail. Its specific gravity is 2.3, and its colour, owing to natural 
impurities, vanes from white to brown. It occurs in extensive beds, which are 
often interstratified with limestone and argillaceous rock. A deposit consisting 
of small grains of gypsum disseminated through an earthy mass is known as gypsite, 
and this is in some localities collected by ploughing or disc harrowing, and 
scraping, and used for the production of wall plasters. A deposit of pure gypsite 
powder as fine as flour occurs at Laromie, Wyoming, in a bed of an average thickness 
of 7 ft., which is covered by only a few inches of soil. Of rarer occurrences is a 
form of gypsum called alabaster, which is a fine-grained, senii transiiarent stone, 
specially valuable for ornamental carvings. Crystals of gypsum, to which the 
name selenite is given because of their pearly lustre, are often found in beds of 
gypsum and clay. Calcium sulphate having no water of crystallisation, and 
consetiuently called anhydrite, sometimes occurs in rocky deposits, but these are 
of no use to the plaster manufacturer, and its presence depreciates the value of a 
gypsum bed. 

The hill of Montmartre near Tarfs was the first large deptsil of gypsum to he exploited, but 
now deposits of economic importance aie found widely distributed throughout llie world, (ireat 
Britain has gypsum licds in Nottinghamshire, Derby, Staflortl, Cumberland, and tVestmorel.md. 

Gypsum occurs in most of the Stales of America, plaster mill:; being in o[>er.mon on .1 l.itge 
scale in the States of New York, Ohio, Iowa, California. Michigan, Texas. Kans.is and Oklahoma. 
In Canada, gyp.sum lieds arc of common occurrenc, especially in Nova Scotia, New Brunswick, 
British Columbia, Manitoba, and Ontario. Th^ llarz Mountains are the seal of the plaster 
industry of Germany. Large deixisils are found in Algeria, and beds of niinor importance occur 
in Cyprus and in Switzerland. Deposits of the purest form of alabaster are found in lialy ncai 
Leghorn. 

The following figures from “The Mineral Industry, Ipit,” show the production of crude- 
gypsum in the principal countries of the world during the year 1910:— 


1 *909- 

1910. 

1911. 


Metiic Tons. 

Metiic Tons. 

Metric Tons. 

United States - - ^ . 

2,042,286 

2,158.7.56 

2,018,770 

France . . - 

1,655.672 

1.980,804 


Canad% . • . 

398,290 

481,941 

458,652 

United Kingdom 

242,832 

259,648 


Baden and Bavaria • 

88,251 

95.475 


Algeria. 

36,250 

60,625 


India . . - . . 


6,57s 


(irecce ■ . • - 

191 

249 
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The value of a gypsum deposit depends on its purity, location with regard to 

rS The'r&;V^iil; 5r\t'Sd 

die best outlet for the product of the plaster mill. 

AU densely i)<)p»lale(l areas pfovide a m |rkiy»r pUtcr of PjcuUnn it must be 

.all builders' materials, the demand « « “ !I“ that ci«' "f ™"' 

remembered that the hmsheii product bvtiuanvinc and then if the overburden to 

sideration. Deposits of rock sypsum X'Sne omK the working is eontinue.l by 

be removed is large m proportion (. „f niining is roughly tlouble that ol 

qua:?^ng.‘\wpstnrfeX'k'"b’; t’l.'per ton in'Kngland. and the average price in New N ork 
is about aj dollars per ton. _ 

The preparation of plasters is simply a pr^ess 

i, |„odu„d b, hating.*; p«.» fa« »r "'t 

CvSrCT. h oJnd'-;.'b. n.™ aononi.1 * « - » «»■>’« ■'« 

water at the highest allowable temperature. . , , • ■ ut 

Plaster of I'aris owes much of ‘?tXX;gSr «JsmK L/h,:^ 

the etpiation 2CaSO,.2ll,<) (('.tSO,)JI,()-l- 3 lMh 

Wall plasters are manufactured by heating the less pure forms of gypsum at a 
tcinpentture somewhat above 200 C. ,, ■ r 

They take about two hours to set, but o.l'lhe mmkerii^tnhc preparab"" 

colloidal substances to the calcined gypsum before I of crystallisation by keeping 

,,I,is. -rs. It is .suggested '-y fhimsley t mt ^'.“e O.e use^.f c.lloidal Imdies in 

Ihe molecules apatt. In thus connecuon ■ 1^:1,.,= ursine sea water is a crystalline deposit ol 

I,filler ff.mixysilions. The colloidaf bodies into the Udler hinders this 

•' ■ - •“" 

Abd-n =«/ c.«» 

into an anhydrous product which sets slowly 

anhydrite. 


Experiments conducteU ny oeyir auu s wiin waici, a.... ... - ,• 

heiting at 4 .';o"' 5 <»“ P^^Pf* "Lnmh of 2goV«.' per siptare inch. The samples heated at 

nine days bruiuettes gave a tensile showed little tendency to set. Olasenapp 

this temperature for a longer ,,iJ„cr begins to form, and states that 900 t. to 

gives 750" c. as the temperature at is*\,„rnt, and that when heated aliove this 

looo" C. is the usual temiieraturc at which 8 1 material does not lose its power to set. 

temperature the content of basic sulphate '""f'e;®,' ^cf Ugl. preiiss. Akad. der Wissen- 

llc thus differs from Van’t Hofl and Just ( . ^ .Fpi.-j-g suppoil of the statement that after 
schaften,” .903, B. k, pp. t.Xto high setting properties on the 

“dead burning" a plaster further ^ 8 atatement that dooring plaster “ocurs rn 

material. As, however, Glawnapp j j ^ J ihat,cstrichgips sets with water without 

needle-shaped crystaks resembling the ‘antilies of the diliydratcand of calcium 

When gyp.™ 

such as alum, or borax, it can be reburm 
its setting properties. 
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Hard finish plasters ate prepared in this manner, and they set slowly with water to a hard mass 
of crystals of the dehydrate. 

When pla.ster of Paris is shaken for a few minutes with e.xcess of water, and 
the insoluble matter rapidly filtered off, the clear solution on allowing to stand 
soon becomes cloudy owing to the deposition of crystals of gypsum" (Marignac. 
Arch. Set. Phys. Nat., 1873, 48, p. 120). 

This simple c\|ieriment shows that the setting of pl.aster of I'atis is simply a process of dis- 
sohing the hemiliyclrate to form a solution, which, heing supensaturated with regard to the dihydrate, 
deposits this suhstanre in interlacing grotijis of cry.stals. The water added dissolves hemihydrate. 
This solution being superstiturated with regard to dihydrate deposits crystals of the latter substance. 
The solution is now free to dissolve more hemihydr.ate, and this process goes on until the conversion 
to dihydrate is complete, and thus, by the use of a small ipiantity of water, a compact mass is made. 
This reaction goes on more slowly with the hard finisli plasters, but the process of reaction is 
exactit the same. Van't Hofl'states tluit flooring plasters set in the same manner, but tllasenapp 
says that llooriiig plasters set without change of form. 

The manufacture of Plasters is discussed in detail in Vol. II. of this work, 
under Calcareous Cements. 

Analysis.— The ordinary chemical esanmialton of plasters condsts m the determintrtion of the 
amnrmis .if liinc, magnesia, iron anil aluiiiin.i, silica, sulpli.itc, carbonate, sulphide (if any), and 
water. The |)crceiitage of walei present is cert.iinly an indication of the extent of dehydration, 
hut It does not show if this dehydration was carried out unifoniilv. The following experiments 
rcciunmenilcd by h'riy {.'J'oniihl. '/.eit., 33, p]). 1221), 1230) may thcref.ire be of use 

To determine llic soluble anhydrite, 5 g, of the plasici arc allowed to stand over water for 
seven da\s, wherehy the soluble anlodntc is coiiverlcd into hemihvdnile— 

2 ('aS 0 . ; (CaSO,).,lI/X 

The inricasc in weight, after drying the sample to constant weight at 70 C., when multiplied by 
gives the weiglil of soluble anhydrite. 5 g, the sample dried at bo' C, are made into a 
thin p.isle with watei. which after half .tn hour is ev.iporated .at 70 The increase of weight is 
due to Conversion of hemihydrate and solulile anhydrite I.i tin dihvdrate. The gain in weight of 
the solulile anludrite is given liy multiplying the auioiiiii present In 36/136. .Suhtraction then 
gives the gain in weight of the hciniliydr.ite, and this gain multijilicd In 290/54 gives the amount 
of hcmihydr.tlc picsenl. 

Determination of Flooring Plaster, hm this estimation Frey iccommcnds repeating the 
above experiment, hut leaving the paste in moist ,ur for seven dues instead of half an hour before 
drying to consl.iiil weight at 70" C. .Alter siilitraclmg the gam hi weight found in the previous 
experiment, the remainder multiplied by 136/36 he calls the weight of flooring plaster present. 

Physical Tests are essential if one wis'he.s to olilain a good idea of the v.due of a iilaster 
The (feriiian I’lasler Standards Oimninice (C 7 /r///. /,//., 1911, 35, p. 222) recommend the follow¬ 
ing determinations : — 

I'lncncss^^ by esliiiialing the residue not passing a sieve with 900 holes to tlie st|nare inch. 

“flaiige"- -the amount of plaster retpiired to make a good slip with loo c.c. of water. This 
IS detcimmed by slowly atiding |ilaster to too c.c. of water contained in a weighed beaker. The 
-atlditton of jilastcr is stopped as soon as the plaster lloats and the water mirror rem.ains olrscuretl 
for a few seconds. The beaker and contents are then weiglied. 

“Slip. "—The s,rmple gangcil with the proper anionnt of water .as fonnti in the previous 
experiment is poured on to a glass plate in pals 6 mm. deep aiitl al«iul 11 mm. in diameter. 'The time 
of slip IS the lime that elapses between the gauging ol the plnster, and the time when the plaster 
sets^lo such a condition that a knife with an edge of 2 mm. fails to cut its way through tlie pats. 

“ Setting Time.’’ —Ticces are cut off the above pats at intervals of a minute, until the piaster 
IS shown to he set by its fiiahle and gr.rnulai condition. 

Tensile Strength. —This is estimated on liritjuetlcs of the ordinary sh.ape, 5 so. cm. in cross 
section, which arc broken in a machine similar to that used for Portland cement (which .sec). 

Tn addition to these rests tiie following determinations may he useful:— 

Specific Gravity. —Performed as with Portland cement, using a liiiuid such as kerosine or 
turpentine. 

Apparent Specific Gravity. The weight of plaster rei[nired to loosely fill a cubic foot mcasnre 
is found as with Portland cement. 

Trial path should fie made on a };lass plate and examined, (f a straight scraldi is made with 
a knife on undemde of the pat lift' plaster shuuld break along tins scratch like glass cut with a 
diamon<l. 

The tensile strength of the pla.sler mixed with three parts of standard Leighton liuzzard sand 
givc.s an imlication of the a<lhesive power of the jdastcr. 

Several sieves should be used to obtain an accurate estimate of the fineness. 

Determinations of emshieg strength of the plaster neat and with standard sand are sometimes 
made. A measure of the contraction on setting might sometimes he useful. 
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The results of series of tests of various American cement plasters, carried out by I'rofessot 
Marston in 1900, are ijiven in the annual report (“ Iowa Geological Survey,” 12, p. 162). 

I'bt the results of experiments on the compressive strength of plasters, liolh neat and mixed 
with sand, see “Tenth Annual Report,” Wyoming College of Agriculture auil Mechanics. 

Uses. —The best quality plaster of Paris is used by the plate glass and 
pottery manufacturers. The former use it as an adhesive to fix the sheet glass 
on the polishing beds, and frequently calcine the once used plaster, and use it 
a second time. The latter use plaster for moulds, and these losing their sharp 
outlines with use frequently have to be renewed. 

A good quality of plaster of Paris is used in internal decorations for mouldings, 
ceilings, and plaster casts. For these purposes it is often toughened by the 
addition of tow, and this mixture is known as “ staff.” 

I.ess pure is the product employed for wall plasters. The plaster comes from 
the manufacturer mi.xed with retarder, and hair, or wood fibre. Near the building 
centre clay or dried sand is added, and the mi.xturc is then applied to walls on 
a foundation of either lath or on wire netting. Gypsum boards used for partitions 
are prepared by jiouring a mixture of calcined pla.ster, sawdust, and water on to 
an iron slab on which jute and rushes are strewn. Fire-proof slabs are made with 
asbestos and calcined plaster. Small amounts of plaster are used for the 
preparation of imitation marble and chalcedony. 
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SECTION XXXIl 

BARIUM SALTS 


Bv Frank K. Milsom, B.Sc. 


Barium is a metal of the alkaline earth series, occurring next to strontium. It has 
ithe atomic weight, 137.4. 

The compounds generally resemble those of its congeners, calcium and strontium; 
for example, it forms an insoluble sulphate, soluble chloride, etc. It imparts a fine 
gras.s-green colour to the Bunsen flame. 

Barium occurs native as the carbonate, Ba^O.,, “witherite,” and the 
■sulphate, BaSO^, “heavy spar” or “barytes.” Both the names of the sulphate 
■are m allusion to the great density of the mineral. This is 4.5, whereas that of 
most other non-metallic minerals is about 2.5. 

It crystallises in rhombic forms, isomorphous with anhydrite and celestine. Its 
great insolubility renders it extremely useful for the detection of both “Ba”and 
“ SO.i” ions in solution. 

“ Witherite ” crystallise.s in forms of the rhombic system, and is isomorphous 
with aragonite and strontianite. 

Itariii.n -alls generally crystallise well, anti for Ihi-s purpose are ii.setl in organic analysis of acids. 
Hie baiiuin salt being evajioratcd and ignited w-ilh sulphuric acid, and the residue of barium 
sulphate wetghed. 

Th*' green coloration which barium s.ilts imjiart to flame is utilised in pyrotechny. 

Barium Chloride, BaCl,.2H,0.—Barium chloride is one of the most im¬ 
portant 01 the barium salts. It is a colourless compound, and crystallises with two 
molecules of water of crystallisation, which it loses only at a fairly high temperature. 
Unlike the chlorides of calcium and strontium, barium chloride keeps its neutral 
reaction on dehydration. 

It is manufactured chiefly from heavy spar. Two methods are commonly used:— 

I hnely powdered heavy spar is mixed with coal and strongly heated in a 
furnace. I lecomposition occurs according to the erjuation;— 

EaSOj I- 4(1 EaS -I 4 BO. 


According to Mostowitsch (C.B., 1909, 1838) the reduction takes place at 600", 
as follows 


EaSOj I- 2C - EaS -i 2CO.,, 


.and at 800“ C. according to the first equation. 

2. Another method is the heating of a mixture of too parts BaSO,, 40 parts 
■charcoal, 20 parts limestone, and 50 parts calcium chloride in a reverberatory furnace. 
On cooling, the mass is lixiviated with water, which dissolves out the barium 
■chloride. ^ 

According to the D.R.I’., 129,063, of 25th Novemlm ipoof barium chlorate can lie prepared 
from the dross obtained in the manufacture of copper as follows. ’ 

The mineral, which consists of iron, calcium, and Itarium sulphides, is treated with magnesium 
chloride solution, obtained as a by-protiucl in the manufacture of potassium chloride. By heating 
the mixture to 70" (’. the following reaction occurs;— 

KeS 1- BaS -t- CaS ■f llgClz + 1^0 = BaS -t- l•'eS -I- CaCl’-r HgO -f HoS. 
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When the evolution of H^S ceases, a current of air is passed to displace the rest of the H^S, and! 
the residue heated to 6oo'^-70o'’ C. The following reaction occurs:— 

KeS + liaS f CaCL + MgO = I’eS + BaCL + CaS + MgO. 

By lixivialion of iht mass, l)ariuni chloride can be obtained. 

Heinz (l).R.l*., 186,738, of 3r<l January 1907) prepares it by the decompositiqn of )>arium 
sulphide with nuignesimu chloride under juessure in autoclaves. 

Barium Nitrate, ISa(NC)^.—Barium nitrate is the salt of barium, most used 
in pyrotechnics (see Strontium). 

It crystallises anhydrous. 

It is manufactured from witherite by dissolving the latter in nitric acid and 
crystallising. 

It also prepaicd l)y the fractional crystallisation (»f a mixture of barium chloride and sodium 
nitrate. Barium nitrate U-ing much less soluble than sodium chloride (100 ])aits water dissolve 
alKtul 9 parts at 18'’ C.), crystallises fiist. 

According to Schreiher (D. K.P., 153,498, of 1st June 1902), it can be {>reparcd by eva}>oratmg 
«;/7-ac//i7 crude barium sulpliide liquor, thereby oblaming a strong solution of baiium sulphydrale, 
and dcconnK)sing this in the cold wnh a conccnlraied solution of alkali nitrate. Fractional crystal¬ 
lisation of the mixture yieUK Ixirium nitrate. 

Hcllmers ( 1 >. K.P., 204,476, of 7th December 1907) ma^ufaclure^ it by the decomposition of 
barium oxalate or phosphate with ciude saltpetre under pressure. 

Barium Oxide, liaO.—'I'his, the lower oxide of the two commonly known 
oxides of barium, was used in the oxygen industry ( 7 'idc infra). 

It nan he prepared as a porous solid by heating barium nitrate (P. Martin : 
D.R.P., 128,500, of 30th December 1900) in a muffle furnace. 

Another method used on a large scale consists in heating witherite with lamp 
black, and heating to 1200' C. About 8 per cent, of lamp-lilaek is suitable (D.R.P., 
104,171, of 27tb November 1898 ; 108,255, September 1898). 

Siemens & Co (l).K.l’., 158,950, of 5i.st May 1905) firepare it liy tile reduction of a mixture 
of hariiim cailionalc of nitiale with carliijn, liy heatinj; in an eleetrif furn.ace to .1 white heal — 

liaCO, lialNO.,)., + 2C = 2 l 3 aO -I 2NO, ! 5CO. 

Barium Hydrate, —By the addition of the calculated quantity of water to 
barium oxide, Ba(OH).. is obtained. 

Barium hydrate, however, crystallises from its solutions similarly to strontium 
hydrate, with 8 molecules of water. 

It is manufactured by mixing barium nitrate solution with caustic soda .solution of sp. gr. I.io-1.15, 
and crystallising. 

Commercial barium liydrate is made by igniting heavy spar with coal, and beating the resulting 
mixture first in a cuireni of moist carbon dioxide, and then in a current of superheated steam. 

It has a great use in the detection and estimation of caibon dioxide, for example, in air. It is 
soluble about 4 parts in lOO of water at the ordinary temperature. 

Barium Peroxide, BaO^.—Barium peroxide is used both in, the prepiratioo 
of hydrogen peroxide and also of oxygen. 

It is prepared by heating barium oxide to dull redness in a stream of oxygen or 
air free from CO^. 

To purify it a mixture wdlh water is acidified with hydrochloric acid, the mixture filtered, and a 
little Ixiryla added, the solution filtered again and excess of baryta added, whereby the pure, 
peroxide i.s obtained. 

Barium peroxide can be obtained anhydrous, and alsf) forms a c rystalline hydrate. 

Brin’s oxygen process (now oKsolele) consists in passing a stream of air free from CO^ over barium 
oxide heated to 5oo'’.6oo'' C. When oxidation is cora[)lcle tlie pressure is reduced to 65 cm., when 
oxygen is evolved of 97 98 per cent, purity. 

Other Barium Compounds.“Banum sulphide, BaS, is obtained l>y the i^ition of heavy spar 
with carlxin. ^Vith watei it forms a mixture of hydrate and sulphydrale thus : — 

2BaS H 2UJ) = Ba{SH)o + BafOH).- 

It is used in the preparation of phosphore-scent substances. For example, ‘‘Bolognian phos¬ 
phorus ” is obtained by heating barium sulphate with powdered carbon, finally with a blowpipe, 
arid sealing up hot. It phosphoresces m the dark with an orange light. 



SECTION XXXIII 

STRONTIUM SALTS 


By Frank E. Milsom, B.Sc. 

Strontium occurs naturally as the carbonate, strontianite, SrCOj, and as 
sulphate, celestine, SrSO^. 

The carbonate crystallises in forms of the rhombic system, isomorphous with 
aragonite (one. of the naturally occurring forms of calcium carbonate). A form 
isomorphous with Iceland spar is not known. 

Celestine is so called from the fact that it is frequently found coloured blue 
by impurities. It also crystallises in forms of the rhombic system, and is isomor¬ 
phous with anhydrite (CaS04, see “Stassfurt Deposits,” p. 329). 

Both these substances are used as raw products for the manufacture of other 
strontium compounds. 

Strontium is allied to barium and calcium, and comes in properties midway 
between them. Its atomic weight is 87.6. 

The fine red colour which strontium gives in the Bunsen flame is well known, 
and is made the basis of the use of strontium salts in pyrotechny. 

Metallic striintiuin can be olttained by electrolysis of the futted chloride, and can also be got by 
the action of sodium amalgam on a concentrated solution of the chloride. A strontium amalgam 
is thus formed, and by distilling off the mercury in a current of hydrogen, the metal can be 
olitained pure. 

Strontium Oxide, SrO.—This can be easily obtained from strontianite. 

The moist and finely powdered mineral is subjected to the action of superheated 
steam and is then ignited, when carbon dioxide is given off and the oxide formed. 

Strontium Hydroxide, Sr(0H),.8H20.—This is similar in properties to 
baryta. It is readily soluble in-hot, But sparingly (i in 50) in cold water. A 
solution is termed strontia water, and is quickly acted upon by atmospheric carbon 
dioxide, becoming cloudy. 

It is manufactured, according to Niewerth (D. K. 1 ’., 251,191), by the action of carbon on strontium 
sulphite. • 

Celestine is mixed with an equal weight of coal and brown iron ore, and the mixture roasted. 
After roasting is complete the mass is lixiviated with water. Ferrous sulphide and strontium 
hydroxide ate produced. 

Claus (D.K.P., 25,382) prepares it by the interaction of strontium chloride and barium hydrate 
and fractional crystallisation, or bythe action of barium hydrate and strontium sulphide,' (Strontium 
sulphide is prepared by the reduction of strontium sulphate with carbon,) 

' Seplay (D.R.P., 254,436) heats strontianite with sn|rerheated steam, as mentioned above. 

, Lee Patterson’s process (English Patent, 16,989, 1884) consists in blowing air heated to a tem¬ 
perature of ICO” P’. through a mixture of manganese dioxide and strontium sulphide. 

Trachsel gives the folding detailed process:— 

Celestine is crushed'Wd mixed with coal in the proportion of 7 cwt. coal to 20 cwt. mineral. 
The mixture is then calcined. Steam is next blown through the mixture, until the resulting liquor 
has attained a density of 24° Tw. ■ It is allowed to settle, add the still hot, clear liquid treated in 
crystallising tanks with caustic soda, and allowed to crystallise. • The mother liquors containing 
sodium sulpbydrate ate concentrated to 30° Tw., and t^ain crystallised. 

' Strontium Dioxide, SrO^-—This is similar in properties to barium dioxide, 
f Strontium Chloride, SrCl^, is prepared by strongly heating a mixture oT 
strontium sulphate, calcium chloride, and carbon. * 
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The product consists of calcium sulphide and strontium chloride, and is 
crystallised from water. * 

It is similar in properties to barium chloride. 

Strontium Nitrate, Sr(N03).»—This salt crystallises anhydrous, and is readily 
soluble in water; it is used in pyrotechny (see below). 

Applications.—Strontium compounds have several important commercial applications, of which 
the two chief arc their use in the suj;ar industry and in [lyrotechny. 

Strontium hydroxide forms insoluble saccharales with sugar. These arc easily decomposed by 
carbon dioxide with regeneration of the sugar. These facts are made use of in refining beet sugar 
(see Martin's “ Industrial Chemistry : Organic,’'p. 164). 

As mentioned above, the use of strontium compounds in the manufacture of fireworks is the fine 
red colour which they impart to flames. 

For tliis purpose they are mixed with potassium chlorate or nitrate, sulphur, and charcoal. 

Tlie following are typical formulie for red stars in rockets, Roman candles, etc. :— 

Totasblum chlorate • - - - 16 8 pts. 

.Sulphur • • * - *5 6 ,, 

Charcoal - * • - T i ,, 

Strontium nitrate ♦ ■ - - 16 16 ,, 

Shellac • • • - • . . l ,, 

For red fires an aihnixture with magnesium filings is made, the following being a formula 


Folassium chlorate • 


2 pis. 

Sulphur 


2 

Charcoal 


I 

Magnesium filings 



Strontium nitrate * 




For more rapidly burning fires, aluminium powder mixed with calcium or magnesium [)eroxides 
is added. Strontium carbonate is sometimes substituted. 
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SECTION XXXIV 

COMPOUNDS OF BORON 


By Frank E. Milsom, B.Sc. 
LI'l'ERATURK 

Tiiori'K’s “ Dictionary of Applied Chemistry.” 
Dammkr's “('hemi-sche Technologic der Neuzeit.” 
“ British I’harmaceutical Codex,” etc. 


INTRODUCTION 

The earliest identification of boron salts was from the “ soffioni ” of Tuscany. 
These are hot sjirings from which steam containing a small amount of boric acid 
issues. By the condensation of this steam small marshes arc formed which are 
more or less impregnated with boric acid. 

Boric acid was first discovered in these “soffioni ” in 1777, and the manufacture 
of boric acid was first commenced in 1815. 

By far the larger part of the boric acid and borax of commerce is to-day, how¬ 
ever, manufactured from mineral deposits. 

The chief of these minerals are:— 

JhronatrocakiU, now more commonly called Ulexik — 

Na.,B^Oj + aCaBjOj + i 8 H„ 0 . 

Pankenmte —Ca,,B|,0|4H„0. 

Colemanile —Ca..B 50 ,,. 3 H 20 . 

Of less importance are— 

Boraciie —aMggBgOjf.-h MgCb. 

Pinnoite —Mg(BO.j). 2 .3H„0. 

Hydroboracite —CaMgB^On.fiHjO. 

• . 

Boric Acid. —Boric acid, as found in commerce, has the formula HjBOj or 
B(0H)2. It usually occurs in two forms, viz., in powder and crystals. Both the 
powder and the crystals have a soapy feeling, somewhat resembling “French chalk.” 
The crystals form characteristic scaly masses. 

Boric acid has a great use in medicine as a mild antiseptic. 

It also is greatly used as a preservative, sometimes illegally. 

The process of extracting the boric from the “soffioni” is as follows;—The latter 
are surrounded by basins of stone, arranged in tiers. In these basins a dilute and 
very impure solution of boric acid collects. 

The contents of the basins are allowed to pass into settling pans, where most of 
the mud and debris is deposited. It is then drawn off rinto lead-lined evaporating 
pans, about 20 ft. long by 10 ft. broad. These are heated by means of the hot 
gases of the “ soffioni,” which have no use otherwise. The liquid deposits much 
gypsum in the course of evaporation, and this must be separated. 

The clear solution is then allowed to crystallise for twenty-four hours. The' 
crystals are then drained and dried. 
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The boric acid thus olitained is very impure, and usually contains about 
75-80 per cent. 

One or two more crystallisations, however, render it pure. 

By far the larger quantity of boric acid, however, is made from the boron-con¬ 
taining minerals. 

Colemanite and Pondermite are found in large quantities in California in 
the “ Death Valley” and Mohare Desert, of which they form layers of 5-30 ft. 
in thickness, mixed with much earthy matter. 

The biggest company mining these deposits is the Borax Consolidated Co. 
Ltd. (The Pacific (iioast Borax Co.). 

'I'hc ore, which contains 35 per cent, or more of boric acid, is sent to Bayonne 
to be worked up; poorer ore is roasted on the spot, and siliceous matter and 
potassium carbonate separated. The concentrated material, containing 45 per cent, 
or more boric acid, is sent to Bayonne. 2-4 tons of poor iiuality ore give one ton 
of roasted ore. 

Several processes are adopted for the manufacture of the pure acid from the 
raw mineral. 

The one in most use consists in shaking the finely powdered ore in wooden vats 
with water, and leading in SO,, until all the boric acid is set free. The solution is 
then filtered and evaporated in the sun in wooden vats. The crystals of boric acid 
which separate from this solution are 90 per cent. pure. Ihey can be further 
purified by recrystallisation. 

The preparation of boric acid from ulexite is carried on in Chile in a similar 
manner, using HCl or H^SO, in place of the SO^. 

\ newer process consists in the use ol NallSO,, which is a by-pioduct in the 
manufacture of sodium nitrate. 

Cots of 500 kg. of the finely powdered calcium borate mineral are boiled with 
a solution of 850 g. crude NaHSO, in a .solution of 150 Be. for one hour. The 
mass is filtered and the solution evaporated, when 450 g. boric acid crystallises 
out, 

Ani.thei- prore^s by Moore (Kngii 4 i I’.ileiit, 118,073, .M.irch 1900) nmsisN in the use ol 
chiol me ^as. Tlie ecjualion lor lliH is 

3Ca..B40n.3n/>-t 6 C 1 , ■> yll./) i2li,B(), f gCaC’L f Ca(CIO.),,. 

Statistics 

I'loni the Tuscan iiuluslry : 

1S2S - - • ■ 50.000 Ug. 

1830 ■ • • ‘ 1,000,000 ,, 

1859 .... 2,000,000 ,, 

I'roui mineral sources. The following amounts were producetl m 1902 

California and Oregon - - 50,(X)0 tons. 

' Chile • * - 15,000 ,, 

Peru . - - . 5.000 

Bolivia ..... »• 

BOR.AX 

By far the most important salt of boric acid used in commerce is borax. 

It consists of the sodium salt of the acid H.B^O-, which may be supposed to be 
derived from orthoboric acid, thus— 

4 H,B 03 - sH^O = H,,B, 0 .- 

Borax.occurs on the mlirket in four different forms, viz.— 

(1 ) Prismatic Borax. - -This is the common crystalline variety of the formula— 

Na.^B,Oj, ioH.p. 

(2) Octahedral Borax, another crystalline variety with five mols. of water of 
crystallisation. 
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(3) Burnt Borax (Boraxosta).—This is crystalline borax with most of the 
water of crystallisation removed. It occurs as a white powder. Some samples 
personally examined during the past year contained from 4-20 per cent, water 
(crystalline borax contains 47 per cent.). 

(4) Borax Glass, or Nitrified Borax. —This consists of borax with the 
whole of the contained water expelled and the residue fused. It forms a hard 
glassy mass of sp. gr. 2.36. 

Borax is prepared on the large scale from ulexite (boronalrocalcite), colemanite, 
and pondermite. 

Ulexite is found in a pure condition, mixed with sodium chloride and calcium 
borate, in Chile and Argentina. This quality of raw material is exported in large 
quantities by the International Borax Co. of Brussels, chiefly to their factories in 
Belgium and France. 


1907. 190!’. 
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To prepare the pure borax, the finely ground raw mineral is first washed with 
water 10 free it from chlorides. 

, It IS then placed with four times the (juantity of water in a steam-heated boiler, 
and a mixture of sodium bicarbonate, with one qu.arter the (juantity of sodium 
carbonate added. The mixture is heated three hours. The mass is then filtered, 
and tht filtrate allowed to crystallise. From the crude mass of crystals the borax is 
separated by another crystallisation. 

A simib'ir process is followed in the case of colemanite and pondermite. 

The borax in this case is separated into three qualities— 

(a) Refined crystals. 

(/') Refined screenings. 

(c) (Iranulated borax. 

Other mettiiK <if prejrardtion iif hor.ax arc those of .Ma.sson ant) Tilliiie, involving llic use of 
aminoiuum c.arlxrn.ale (l).K.l’., 95,642 ; C.B., 189S, 1 . 64S); Kichmon and Rappe, using HoSiFe 
fll.K.Ih, 96.T96) and sodium jrhosphatc (D.R.P., 98,759). 

The great technical importance of borax depends on its use as a flux in soldering, 
and in the production of fusible glazes and enamels. 

It is also used in analysis, owing to the fact that many metallic oxides dissolve 
in the glassy fused variety, with characteristic]_colours, c.jc.— 

Cobalt. Chromium. N'iolet. 

Manganese. Blue. Green, etc. 

.\mong other horales may be nienlioned manganese borate. This may be produced by the 
interaction of boric acid and a manganese salt, and finds application as a jiaint dryer. It is a very 
tjuick dryer, Ircing .superior to BaSOj and PbCO,„ which are also u*cd for the purpose. 

Lead borate is used in glass manufacture. * 

Perborates are produced by the action of ILO.j on Irorates (vrVik p. 426). 

Complex Boron Compounds. ■-. 4 mong these may be mentioned the borosalicylates, which 
are important diuretics, and the horocitrates, which arc used in kidney diseases. The.se are 
complex comixiunds which boric .acid forms with extreme readiness with lyganic acids. 

Cadmium borotungstate is remarkable for the fact that its saturated solution has a very high 
specific gravity, viz., 3.28. 
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THE MANUFACTURE OF CHLO¬ 
RINE BY THE WELDON AND 
DEACON PROCESSES 

By Oeovtrev Martin, D.Sc. (Bond.) 

LITERATURE 

For a full ai'CouiU of tire sulijccl, includmg literature, see G. Lunge, ‘'Sulphuric Acid and 
Alkali Indusilr).” IOI5. 

(ifcohFKKY Martin and K. ])an( As'ikr give a full account of tlic properties of gaseous and 
liquid chlorine in Vnl. VIII. of “Modern Inorganic Cliemistry.’’ Kditeil by Newton 
Enend. 1914- 

See also lloLBIN^r., *’ Kortscbritie in der I'abrikation der aAiiorganischen Sauren, der Alkalien, 
dcs Ainmoniaks luid Vcrwandler Industiiu/weigo.” Berlin, 1905. 

See also the references under “ Deacon I’roccss,*’ p. 363 ; under ‘‘ Electrolytic Chlorine and 
Alkali,” p. 367 ; and un<lcr “ Liquid Chlorine,” p. 3S1. 

Until rocuntly almost all the chlorine produced was made from hydrochloric acid, 
either by the Weldon or by the Deacon process, the hydrochloric acid for the 
purpose being obtained by treating salt with sulphuric acid (salt cake jirocess). 
Within the last few years, however, more than half the world’s supply of chlorine 
has l)e"n obtained by electrolysis of brine solutions, which latter method yields, 
according to slighralterations in the conditions of electrol)sis, chlorine, chlorates, 
bleaching .solutions, also caustic soda and sodium carbonate. An account of each 
of these methods will be given in due course. 

The main use of chlorine is for the bleaching of paper and cotton. The oldest 
bleaching Iluid put on the market was “Eau de Javel ” (Baris, 1786), a solution 
of potassium hypochlorite. l.ater, this was displaced by the cheaper and more 
convenient solid “ bleaching powder ” (Tennant, 1799, in Glasgow), which at the 
present time is manufactured on a very large scale, and is sold under the trade 
names of “chloride of lime” and of “bleaching powder.” More recently, after a 
century-long monopoly, a serious rival to bleaching powder has arisen in the 
electrolytically produced bleaching fluids (“electrolytic bleaching"), which are 
produced by electrolysis of brine on the place of use, because the liquids soon 
decompose on standing. 

The main use of chlorine is, therefore, the production of these bleaching 
materials. However, large quantities of chlorine are now employed for chlorinating 
various organic products in the intermediate stages of synthetic dye production, the 
chlorine for the purpose being put on the maiket in a liquid form in steel cylinders. 

The manufacture of chlorates of sodium and potassium has attained considerable 
importance, these products being used for the production of explosives and for 
oxidising purposes. 

Statistics.—According to Bernthsen (1909) the world’s production of bleaching powder is 
estimated at 300,000 metric ton.s yearly, Germany producing in 1905 some 85,000 tons, 50,000 of 
which were made from electrolytic chlorine. Europe at present produces some 9,000 tons of 
chlorates. 
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The following figures relating to German chemical industry arc interesting as showing the great 
variations in price and (juanlities of the products, fluctuations traceable to the rise of electrolytic 
bleaching processes: - 

Bleaching Powder 

1S95. 1905. 1909- 

^ ^vet marks. 30,300 tons at 90 marks. 26,100 Ions at 90 marks. 

The German import of potassium chlorate is givcMi hy the folli>\ving figures: — 

1895. 1905. 1909. 

hxcess of import I marks. 1,020 tons at ftto marks. 100 tons at 620 m.arks. 

«>ver export. | 

The manufacture of cldoratcs is most advantageously earned <*ut in countries ])rovidcd with 
cheap w.atei pov\er, and the industry is rajiidly develo]»ing on siuh sites. 

The Weldon Process-— The process rests on the oxidation of hydrochloric 
acid by means of manganese dioxide. The exact nature of the reaction is disputed,^ 
but is usually represented by the equations- 

MnO,. 4IICI = MnC!^ I 2ll.,(>. 

Manganese Hydrochloric Mang.aH-se 

dioxide. acid. tetrachloride. 

Mn('l, - MnCL ( C'U 

M-inganese M.iticanese Chloi me 
letrachk)ride. dichlurule. g.i^. 

The manfjanese dioxide (pyrolu.sitc, black oxide of manganese), MnO„, is largely 
mined in Spain and in the Cauensus mountains. It is impure, usually containing 
iron. Its value, technically, is judged by the amount of “available oxygen” it 
contains. 

The uvuilublc oxygen is estimated as follows:— 

Manganese dioxide is dissolved in sulphuric .leid in ihe priscnceof a known excess of ferrous 
sulphate. The amount of ferrous iron oxidised to the ferric suite is then determined hy volumetric 
titration in the ordinary way. 

Another process is to heal the m.ingani-se dioxide with hydrochloric acid. Chlorine is cxolver] 
equivalent m value to the “availahle” oxygen. This ihtorine is received in a solution of potassium 
iodide, and Ihe iodine set free is then estimaled hy iitralion with sodium thiosuliiliate. Tor 
details of these processes hooks on chemical analysis should be consulted. 

By a special proce,ss to be described the used manganese dioxide is recovered 
and u.sed again, so that in practice the only natural manganese dioxide required is 
that needed to cover the unavoidable working losses, which usually amount to 3 
per cent, on every 100 parts of bleaching powder made. 

The working details of the process are as follows (see Kig. i);— 

A is the chlorine still. It consists of a still made out of some 6 or S granite or 
sandstone slabs fastened together. 'I'he still is usually g or 10 ft. high and about 
6 or 7 ft. in diameter. At the top is an earthenware inlet pipe, and at, the bottom 
is a pipe for running off the manganese chloride liquors. A steam inlet pipe, 
encased in earthenware or sandstone, p..sscs nearly to the bottom of the still, and 
allows its contents to he heated hy live steam. 

The calculated amount of hydrochloric acid - having been run into the still, the 
calculated amount of manganese dioxide in the form of recovered Weldon mud is 
allowed to gradually flow in, and chlorine gas is developed in a regular stream. 
When the action slackens the contents of the still are heated by live steam until 
the liquid boils, when the reaction MnO, -t-qHCl - MnOI, -f Cl._,-P 2H,0 is completed. 
The hydrochloric acid will he almost completely used up if it is of the right strength, 
viz., i8"-2o” Be. 

If, insleailvjf Weldon mud (reBivered manganese dioxide), natural manganese dioxide is to be 
used, the pyrolusitc, broken into coarse pieces, is placed in a different still from that used for 
Weldon tnutl, lining placed on sandstone or eartiienware grids, and steam is then blown in. 

’ See discussion, (icofliicy Martin and Dancasler’s “The Halogens.” 

^ One cannot partially replace the IlCl by lI.jSO,, otherwise the Weldon recovery process 
becomes impossible. 
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As a rule, in big works several stills are in use at once, the chlorine being leel into a common 
conducting pipe. In order to cut out any given chlorine still the following device is resorted to :— 
Each still has an exit tube B (Eig. 2), wliich communicates with the main chlorine conducting pipe A 
by means of a U tube shaped as in the figure, the tubes lieing joined up chlorine-tight through a water 
seal at rr. When it is decided to cut off the chlorine generator connected with B, all that is 
necessary is t(*pnur water down e so as to fdl up the U lube with water. 

When communication between It and A is to lie reopened, the water in the U tulie is run off 
by withdrawing the stopper J. 

Some small factories (such as bleachers) generate their own chlorine in earthenware generators, 
such as that illustraled in Fig. 3. More usually, however, these small users buy chlorine in the 
liquid st.ale (at less than 6d. pet pound) in steel cylinders (see p. 3K1). 



Wlifii the action is completed the acid manganese chloride litjuors are run from 
the still A (Fig. 1) into the cemented tank 11, which is provided with a mechanical 
stirring aiiparatiis and a pump c. Here the litpiid is neutralised with lime, 
(:a(OH);j, whereby iron hydroxide, re(OH)3, tind other impurities are precipitated. 
The litjuid is next raised by means of the pump c into the iron settling tank n. From 
here the clear manganese chloride liquors are run into the oxidation towers e,k. 
'J’hese arc tall iron cylinders, some 30-40 ft. high and 6-7 ft. in diameter. Steam 
is blown in so as to raise the temperature of the contained manganese chloride 
liquors to 55" C., and then the calculated amoutil of milk of lime is run in from 
the tank k. • 

The lime is slaked in the mixer thence the fluid mass is run into u and pumped up through 
the pump .1 into the lime tank F. 

Meanwhile compressed air is blown into the towers e,e, issuing from perforated 
pipes placed near the bottom of the towers, k is the duplex blower, i. the air 
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reservoir, and mm the air conducting pipe. The air is blown through the warm 
liquid for some four to five hours before the oxidation of the manganese present 
to manganese dioxide is complete. 

The chemical mechanism of the action is not completely understood even after ye.vs of research. 
It seems that first of all the lime, Gi(OIl).., first precipitates mttnganous hydroxide, Mn(OH)„ 
thus;— 

MnCU + Ca(OIl).. = Mn(OH).j + CaCla + H3O. 

The hfn( 011 )o, a white substance, will t.aVe up oxygen spontaneously from the air until it reaches 
the grade of oxidation Mn.p,,; however, if excess of lime or NaOH is present, the oxidation will 
proceed further than this, and the ntanganese oxide will be oxidised almost completely to the MnOg 
-state, forming a black body of com|X)sition varying between CaO-MnOj and CaO.aMnOj, so that 
the regenerated ‘'Weldon mud” contains chemically united lime (f'af)). It is remarkable that, 
apparently, a tr.ace of CaCl.j solution appears to be necessary liefore the complete oxidation will take 
place. 

The .action is carried out in such a manner that a “ mud ” conlaining as little flaO as possible is 
aimed at. The active component in the mud is, of course, the amount of MnO,, present, each 
molecule of M nO.j present corresponding to the evolution of 2 atoms of Cl. 

The progress of the oxidation is followed by withdrawing samples of liquor at frequent intervals 
and titrating the blackening mud with ferrous sulphate solution and jiotassium permanganate. 



to the Chlorine .Stills. 


Towards the end of the action the excess of lime is as far as possible got rid of by running in more 
mang.anese chloride solution so long as a precipitate of Mn(OM)ais caused by the free lime still 
remaining. 

When the process of oxidation is known to be complete the Weldon mud is run 
out of the base of the towers k,k (by means of the stopcocks n,n) into the settling 
tank o. The mud settles to the bottom of this tank, whence it is run into the 
chlorine still a once more, and so used again. The aqueous liquors, principally 
containing calcium chloride (see equation above), is drawn off from the tank 0, 
and either run to waste or worked up in some other manner. 

Nil less than 70 per cent, of the total chlorine of the hydrochloric acid remains as a waste 
product in this calcium chloride, a loss of chlorine which causes the Weldon proces-s at the present 
time only to be worked in tho,se districts where hydrochloric acid docs not command a good price, 
and where the calcium chloride can be,utiliscd. 

So far aa can be ascertained, the Weldon process is not extending at the present 
time, the under-described Deacon Process (where the waste of chlorine is less), 
and also electrolytic methods of manufacturing chlorine, steadily gaining ground 
ligilfiits expense (see p. 365). The chlorine evolved from the Weldon Process, 
^however, is very condentrated, sometimes amounting to 90 per cent, by volume 
the evolved gas. 
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THE DEACON PROCESS 

LITERATURE 

See references on p. 359; also 

Haber. —“ ThermcKlynamik technisclier Gasreakllon.” 1905, 

Falckenstein.--Z«/, Chem., 1907, 59, 313; 1909, 65, 371. 

The oxygen of the air can he used to oxidise hydrochloric acid to chlorine and 
water. When a mixture of hydrochloric acid and air is led over a heated suitable 
“contact” substance the following change takes place : — 

4HCI + O. = aCi... ^ 2II..0. 

This is the process of Deacon and Hurter. 'I’he decomposition, however, is by no 
means a quantitative one, and the unchanged hydrochloric acid is recovered and 
used again. The contact substance employed is usually cupric chloride, (.,uC1.2, 
heated to 450“ C. Cupric sulphate, CiuSOj, has been used, but is not so efficient 
as CuCb. 

The arlion is essentially “catalytic,” but it is usually supposed that the CuClj is first converted 
into an oxychloride, which is then, by nie.ins of the IKil. reconverted into CuCL. h or example, 
Hengsten gives the equations :— 

1. CuCIo — 2 (Cu( 1 ^ + CuoCI.j) -! 4CI. 

2. 2(CuCL -I Cu/'U) 3CiioCl.i -i 2CI. 

3. CuXU'l 0 - CuO.Cl^. " 

4. cua('ucio + 2U('i =: 2 (:uCL 4 n.o. 

Lunge and Marmier come to somewhat similar conclushms, which are, however, denied by 
Levi and Belloni, who cannot find in the (luCL used any Chi^Cl.j <ir C-uO.CuCl^- Moreover, jmniiee- 
stone impregnated with Cuo(M._> or CuO.CuCL g.ivc between 250^-400' no trace of (M. Also, (..USO4, 
chlorides of Ni, Mn, Mg, etc., also .strongly heated pumice-stone alone, gave Cl when a odxlure 
of llCl gas ami air wasted ovei them. On this ground these authors reject the “oxychloiide 
theory of the previous w'riters, and assert that the Cl docs not come from the Cut.L at all, as this 
latter can Ik- leplaced by the SO4 or substances which do not contain Cl at all, and put forward the 
suggestion that the catalytic action of these substances is to be referred to the tendency of tlie 
substance's to form oxychlorides. I..evi and Voghera also carried out experiments on the use of 
catalysers such as CaClo, Mg(-L, HaCL, NiC!.,, CuSO„ CuO, etc. 

Diiz and Margosches (D.K. rulent, 150.226, i5tb June 1902) have proposed to use as a cfintact 
substance the chlorides of the rare earths (Tli, ('e, La, l*r, Nd, etc.), which occur^as a by-jiroduct 
in the manufacture of thoria for gas mantles. The reaction temperature is 300 -600 . With diluted 
gases it is slated that the reaction takes jdace even better than with concentrated 40-50 per cent, 
gases. 

The reaction is reversible, following the ordinary law of mass action :— 

* 2HCI + o ~ ILO (steam) 4 CL ± 14,700 calories. 

At low temperatures the reaction tends to proceed almost completely in the 
direction from left to right, with the evolution of heat, but so slowly as to be 
practically unworkable. As, however, the temperature increases, apparently the 
attraction of hydrogen for chlorine increases, and the reaction tends to proceed more 
rapidly in the reverse direction from right to left, so that as the temperature increases 
the yield of Cl from HCl decreases. Consequently the lower the temperature the 
greater is the quantity of HCl theoretically converted into Cl^; but at low 
temperatures the reaction proceeds extremely slowly, so that it is unpractical 
to carry it out below 4oo‘‘-43o“ C. At a temperatflre such as 450° C. equilibrium 
is more rapidly attained, but the yield of chlorine is* seriously diminished, and 
at temperatures much above 450“ notable amounts of copper chloride are lost 
by volatilisation. 

The most favourable practical conditions have been worked out by Lunge and 
Marmier (Zeit. angew. Chem., 1897, 105), who found that the contact substance 
should be kept between 450**460'* C. Above 460“ C. serious losses of copper chloride 
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occur, wliile below 440“ C. the yield of chlorine was bad on account of the slowness 
with which equilibrium was attained. 

As regards the tlieory of llic process the reader should see Haber, “ Thermodynaniik technischer 
(iasrcakiion,’' UK>5» P- fcO- A recent investigation on the equilibrium of the Deacon process has 
l)ccn [)ublislied by Vogel von Falckenstcin, '/.at. phybikal. Chem.^ 1907, 59, 313 ; 1909, 05, 371-379. 

As in all rhciiiicaf actions where heat is evolved, increase ol lenipeiature increases the velocity 
of the reaction uji to a ]X)inl. and beyond that point the velocity of the reverse reaction increases 
very rapully. 

It follows, lliereforc, that as in all tlieniical leaclions attended with the evolution of heat (see the 
“ Oontact Process for SO,. Manufacture,” this Volume), the lower the teinpeuitttre the more com¬ 
pletely does the reaction take plu<-e in the diiection 2HCI I 0-:>-Cl.j I H„0, and consequently the 
more completely the hydiochloric acid is turned into chlorine. Unfortunately, however, at low 
lemperalures the reaction proceeds so slow'ly as to make it jiractically unworkable. It is rnily at 
400 -430' that the action proceeds with CuC'U with sufficient velocity to make the process technically 
workable. As tbe leinpcratiire increases Uji to 450", so also does the rapidity with which equi¬ 
librium is attained, although tlie yield of chlorine per given amount of hydrochloric acid liecomcs 
incieasingly worse on account of the increasing rapidity of the back action, lI»0-}-('l.rV2llCl + (14. 
According to JIabei, theoretically at 430' C, some 75-85 per cent, of Ilt.’l is convcrtilile into Cl, 
whereas at 577“ C'. only 50 per cent, is convertiiile. Possibly some advance may come with the 
discovery of a iimre efficient catalytic agent than winch works at .1 lowei temperature than 

450'" C. According to von I'alckenslein, the best yield in the Deacon jirocess is olilained by 
using a mixluieof 40 per cent. H(d and 60 per cent. air. Alwjut 70-71 per cent, of the IICl gas 
entering the apparatus can be converted into Cl. On drying the co<jlcd gaseous mixture by 
passing thmugh concentrated sulphuric acid, and again passing it through tbe a])|iaraUis, a yield 
of 82 85 per cent, of chlorine can Ik* olitained, wliile on passing once more thiougli the apparalu.s, 
87-89 per cent. )icUls aie attainable. As regards the influence of pKssure on the cquilihrinm, it is 
a general law that an increase <if pressme tends to cause a leaction to proceed in such a diiection 
as to favour the production of products f»ccupying a small xolumc, as tlie e(|iiation shows: — 

4IICI 1 (V = 2I l.,0 (steam) -i- 2('L. 

4 M'ls. i I \<il. volv -f 2 vo!s. 

An increase of picssurc should therefore favour the translormalion of IK.'l into clilorine by the 
Deacon piocess, and I'oucar (prixate ronmiumration) lia‘« suggested tliat a nuHlified Deacon 
process carried out under prcssuie, and at such a temperature as wtnild just prevent the coinlensation 
of the skain, would lia\c a fulnie befoii* it. 

Mg. 4 shows one of the older forms of the Deaton plant, a is the salt*<akc 
furnace from wliich the H("l gas is evolved from the action of sulphuric acid 
on salt, i) is a pipe leading off the H(’l gasc.s. c is a condenser in which 
sulphuric acid, aqueous h)drochloiic acid, etc., are condensed, e is the preheater, 
where the entering ga.ses are raised to the right temperature, say 220” before 
entering the contact apparatus k This consists of a (*ylindrical iron tower f, 
surrounded by a brickwork wall w, whereby the ^^hole can be heated to the i>roper 
temperature (about 43o"'45o“ C.). In tlie central portions of the tower arc piled 
layer over layer of baked clay or porous earthenware ball.s, previously soaked in 
cupric chloride solution and dried. As the CuCl.^ is ‘omewhal \olatilc, the entering 
gas is first sent through the system from below upwards, after which the direction 
is changed from above downwards, and so on in alteinati'ly reversed directions. 
JJy this arrangement loss of copper chloride is minimised. 

The (b-iniJin patent, 197,955 (l9o6), prupo'-cs to u'vC tlie doiilile suit. ('iiCUNaCl, which at 550“ 
is ridt imtirealilv \olatile. With this salt the g.'is stream nin be hcate<l to 510' C., without mucli 
lovs of copper, wbeieas jn die riilinar\ CuCb. over 460', a con-'idciable loss of copper occur*-. 

l'.y means of this system about 65 per cent, of the HCl i.s, in actual practice, 
tltroirqiosed into Cl. 'I'lie issuing stream of clilorint-rich gases escapes through 
the pipe- H into a seiies of cooling tubes ,r, whence they pass into the tower k, 
where they meet with a descending spray of water, which washes out the HCl ga', 
but only absorbs a small amount of chlorine. The aqueous H(’l thus obtained 
is freed from chlorine by bl-iwing through it a stream of air. 

From the water tower the chlorine gas next [asses into the drying tower T., 
wlu re it is dried by a descending stream of concentrated sulphuiic acid, the dry 
chlorine emerging at /i. 

Tn its original form tbe Deacon process sutfeierl fnmi some grave defects whicli rendered it 
nnable at fir-t to compete with the \\q*ldon process. Tbe HCl was at first led directly from the 
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salt-cake furnaces into the contact apparatus, and it was found that the latter ceased to work 
effectively because the unpurified IlCl gas carried on sulphuric acid fumes, feriic chloride, arsenic, 
and dust, which s[)oilt the contact substance. Hasenclever, (»f the Rhenanta Kaclory, was the first 
to make the process really successful. This he achieved by purifying the I ICl gas by first aijsorhing 
it in water, and then liVicrated it again in a comparatively pure slate by running in concentrated 
66'’ Be. (107" ‘[‘w.) sulphuric acid, and finally bhiwing air throng)' the llcjuid. The IlCl came over 
pure in a steady stream, and wa.s led tlireclly into the contact apparatus. This process is still 
worked on a very large scale. 

At Mannheim, in 1909, a further simplification was introduced in the pioccss hy obtaining 
diieclly in mechanical salt-cake furnaca (see this Volume, p. 784) nearly jiure HCl gas, free from 
at.senic, and of a fairly constant strength, consisting, say, of }o per cent. IlCl and 70 per cent. air. 
This gas is purified l)y leading it througli a series of (Jellariiis condensers (ji. 276), whereliy dust 
and sulphuric acid are deposited. Lastly, the gas is healed to aliout 220’ C., an<l led diiectly 
into tile contact apparatus. 

The chlorine evolved in the Deacon proces.s is very dilute as compared to 
Weldon and electrolytic chlorine. It usually amounts to only 8 12 per t ent, by 
volume, the rest being atmospheric nitrogen and other gases, (’onsequcntly, it is 
difficult to use an ordinary “chamber ” for making bleaching powder. The lime 



must be treated in a special apparatus invented by Hasenclever, which will be 
described under bleaching powder (p. 394). 

The Deacon process is still able l<i maintain its position and even advance in spile of the growth 
of elecUolytic chlnune. In the Weldon process only about one-third of the chlorine in the HCl 
is utilised, whfle m the Deacon process over 40 per rent, of the IICI is transfoimed into Cl, the rest 
behig recovered as lICl, and, moreover, the oxidation agent, \iz.. atmospheric oxygen, docs not cost 
anything. The disadvantages of the Deacon process are the trouble in getting llie plant to work, 
tlie freipieni lo.ss tif efficiency by tlie contact mateiials liecoming useless, and the loss of copper by 
volatilising or otherwise. 

Preparation of Chlorine and Hydrochloric Acid from Magnesium and Calcium 
Chlorides. —Enormous amounts of magnesium chloride, estimated at 500,000 tons, are run to 
waste at Stassfurt (see liiis N'oluine, p. 329, “ Tlie Siassfurl Industry ”), simply liecause no economic 
means are known ol transforming the.se motlier liquors into chlorine products. 

Many attempts have lieen made to obtain chlorine and liydroclihiric acid from magnesium 
chloride, MgCL. When the latter is crystallised from its solution it deposits as a snow-white 
mass containing water of crystallisation (Mg(n.>.2lIjjO). 

When this crystallised magnesium chloride is melted i^ dccomiio.ses, forming oxychloride and 
evolving half its chlorine as HCl, thus;— 

2MgCl., 4- II.p = MgO.MgCL -t- 2HCI. 

II now the magnesium oxychloride remaining liehind is heiited in a .stream of steam nearly all the 
chlorine is evolved a.s HCl, leaving m-agnesia, MgO, liehind, thus: 

MgO.MgCL + lU) - 2MgO + 2lICi. 










3D0 .Lnjimi:>ji n r 

This is a nicihotl of obtaining IICl from MgCL which has actually been pul into practice, but 
without much success. 

In order to <.>blain clilorine from magnesium chloride or oxychloride llic sultstance must be 
ignited in a stream c)f ait when it evolves clilorme, luU only incompletely t it does not melt, but 
remains ])orous. I'liis, essentially, was the ^^'eldo[l and I'echincy process, workctl for a time, 
but unsuccessfully, at Salindrcs in S. France, the magnesmm ch.loride being ohtaitted by con¬ 
centrating the mother lujuors left after crystallising out tile stilt, NaC.’l, the manufacture of salt 
being here a considerable ijuluslry. Similar processes were worked at Neuslassfurt and 
Leopolddiall in tlermany, two manufacturers of pritassium stills seeking to utilise the magnesium 
chloride vv.isie lajiiors in this manner, hut again with no success at Neustassfurl. In LeojHildshall 
Ihe manuf.iclurc of chlorine by this process was given up m 1909, after hetng worked since 1890, 
but ludrocliloric acid is still obtained at the latter place by the (bllowing method :— 

Foudered magnesia, MgO, is mixed with the conceniraled MgCb motlier liejuors, when 
combination ensues, with the formation of solid plates of magnesium oxychloride, containing, 
roughh, 10 per cent. MgO, 40 per cent. MgCL. and 50 jicr cent. ll-O. These plates arc then 
slaeUrd up side by side and one o\er the other in (lie shaft of a furnace, care being taken to 
suitably support the plates. I'rom beneath, the hot gases from the fuinace stream tlirougli the 
mass and be.it them to a rcil lieat. The {dates, shrinking and subsiding downwards, as they do 
in the hotter jiaits of the furnace, yield u|) most of then chlorine in the form of dilute lICl gas, 
wbii h is then condensed and absorbed in the usual way by jiassing llie furnace g.Lses up absorbing 
towers, where they meet with a stream of descending water. 

The bring of lliese furnaces is “brown coal, ’ wbich gives off mucb w'ater, and so aids the action 
of the he.il m causing the complete decomposition of the oxychloride. The resulting IICI solution 
is vci> dilute, only 15 ' 1 >l\, but has the great advantage of being practically arsenic fiec. 

Tbeie bnally temaiiis a calcined mass conlammg 15 per cent. MgCL and 85 per cent. MgO, 
wlucli IS then groiiud up and utilised, [larlly for mixing with the Mgt'l.j liipiors for rcjicating the 
proci ss. and {lartly for the production of magnesium oxycbloude cements tsorel cement, xylolitli), 
which IS now being used in increasing cju.intitics for Hooiings, arlihci.il marble, etc. (see }». 419). 

Tfu re seems, however, but little jiro'-pc'.i ol an increased jiroduction of ilt'lfiom this or allied 
mcth'xls, as llie e.ise and abundance with wliub TK'l is jiroduccd by the extension of the salt-cake 
furnace inelhoils puts the former out of eoiirl unless ibe running costs can be considerably reduced. 

As legaids the production of I K'l and ('1 fiom calcium chloride, this is one of the great 
jnobleinsof tlied.iv. Ity the ammoni.i s<hI,i process enormous aniounisof waste calcium chloride 
lujiiois .ire prodiueil, and also by the \Vel(lon ieco\ery |)r«j«:ess. and the manufacture of KCIO3. 
Enoiinoiis iiuinl»eis of jjr(>|)os;ds. almost always devoid of {mictical suieess, have lx*en made to 
manuf.tcture ( I ciicaply fiom Ca(T„ or to utilise this chlorine effectively; SoUaym l877) 

]S88, .uul 18S9 took out a numlx'f of patents winch consisted in healing TaCl.^ with sand, clay, 
elc., under vaiious conditions in a stream of ai> (see “Chcmische Industrie,*’i, 49 (1S78), and 
Hurler, Joitrn. Soc. Cheni. Inti.y 2. I03{i883(). An aicount of the variinis proposals is given in 
Lunge's bcjok, “ .Siilpliuiic AcitI and Alkali,** Vol. III. 
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Within the last two decades a larye industry has arisen out of the electrolysis 
of the alkali chlorides, whereby not only chlorine, but also valuable bleaching 
solutions, chlorates, and caustii' alkalies are obtained. At the present time it 
is stated that over half the world’s supply of chlorine and chlorine products arises 
out of the electrolysis of the alkali chlorides. A large number of different processes 
have been proposed, but we ^\ill only mention those which have been attended 
with some success. 

General Principles.—When an declric current is passed ihmugh a salt solution the positively 
charged metallic ions pass to the negative electrode (cathode), whereas the negatively charged 
chloiine ions pass to the positive electrode (anode) thus 

h 

NaCl = Na + CT. 

(to- pole) (to+pole). 

Arriving at the electrodes, these charged ions give up their electrical charges, and the sodium ions 
become ordinary sodium, which at once reacts with the excess of water pre.sent, to yield II gas, 
and produce cj'ustic alkali, thus:— 

2Na + II.,0 r- 2NaOH I 11.., 

• « - 
so that af the cathode caustic sotla accumulates and free hydrogen is given off. On the other hand, 
the chlorine ions, after giving up their negative charges at the +pole, are liberated as chlorine 
gas at the anode ( + pole), and also remain dissolved in the liquid surrounding the anode. In very 
dilute solutions, and with too high electrical jwtcnlial.s, the water suffers electrolysis, oxygen coming 
off at the positive pole, and hydrc^cn at the negative. 

The conduction of the current across such an electrolytic solution depends upon il» transportation 
by tlie charges on the ions. Thus every etjuivalent i(»n, i g. of hydrogen, 35.5 g. of chlorine, 
24 g. of sodium, etc., carries with it the same quantity of electricity, viz., 96,540 coulombs—either 
positive or negative electricity, according to the or — character of the ion (Faraday’s law). 
It is therefore an easy mailer to calculate the amount of chemical products theoretically producible 
by the passage of a certain quantity of electricity through a liquid. to produce, say, 35.5 g. 

of chlorine, or 40 g. of NaOH (from 23 g. of liberated Na) we theoretically only require the passage 
of 96,540 coulombs.^ Theoretically, a current of one ampeffe liberates m one hour 1.3236 g. of 
chlorine. In practice, however, side or secondary reactions diminilh the yield of thesejiroducts. 

To liberate any ion a dchnite electrical tension is required, measured in volts. And to drive a 
current continually through any electrolyte there is thus required a definite voltage depending upon 


* A coulomb is the quantity of electricity represented by one ampere flikwing for one second past 
any section of a circuit. 
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the nature of the ions liberated. These are the so-called “ polari.sation ” voltages, which must be 
overcome before the ion gives up its electrical charge and is liberated. 

The total amount of ekrtncal required for electrolysis is measured by the product of the 

current in amperes, ami the voltage at which it is forced through the liquid, the unit lieing called 
a voU-ampere. i volt-ampere—i watl/second = o.24 grammc-calorie. 

I'or elertrolyMs. Ohms law takes the form:—C—, K being the voltage c<f the source of 

K 

electricity, an<l c the polaris;ili(Ui voltage which must be oveicome before the current will flow 
through the electrolyte at all. It is alwavs possible to calculate apt<ioximafdy^ from the heats of 
combination of comjionenl sails, the reactions which lake place. Thus, confining ourselves to 
the electrolysis of NaCl solution, we have the equalion.s :— 

Nat'l -! \l ,0 ~ NaOlf + H -i- C! 

NaCl “ Na I (‘1 96,400 calories 

Na + ll.jO - NaOll \ 11 i 43,400 calories 


Dincrcnce • 53,000 calorie^-. 

Hence, in order to decomjKise i g. nujl. of NaCl (5iS.5g.) anrl libcr.ile 40 g. NaOH, t g. II and 
35-5 !?• ^ require the expenditure of energy represented by 53,000 calories, which is equivalent 
to 53,000/0 24 — 220,80 ) volt-amperes. Now 9(1, 540 coulombs - 96,540 ampere-seconds arc required 
to liberate the giam equivalent of tliesc (juanlities, and so the /nimmuur voltage (assuming that all 
the heat is represented by electrical energy) necessaiy for decouqiosing tlic solution i.s 220,800/96,540 

» 3 volts. 

As a matter of fact, however, tn practice a much greater amount of energv llian this is usually 
requned. TIuis a consideiable voltage is ri<|Uired to drive the electrk eurient against the high 
resistame of the electrolyte, and this causes the generation of mucli heat, vvhicli is dciivc*! from the 
electiic current. 

<'onscquemly, in order to jiass a current of any intensity across the lujuid, vve must woik with 
a voltage considerably greater than ibis minimal voltage of 2.3 volts. As the frictional heat 
repiesents a waste of electrical energy, in practue the resistance of the (declro|yii( ceils is diminislieil 
to the greah'si ))(>ssilile exloiil by making the electrode siirfaccs as laige as possible, an«l the layer 
of electrolyte bitween llumi ns short as possible. Moreover, the voltages aie kept as low- as 
poxsilile, tlie conditions lor economic piodin tion being low vcliages ami ennents of gieat slretigtli. 
in order to render tin* salt solutions good condnclors (and so save waste of electrical energy in 
frictional heal efiects) thev are made as concentrated as possible, and usually ate hot. 

As regards the source of power foi generating electricity, this is usually and most cheaply 
provuleil lo? by water power, and so the Niagara I'ans in America, Norway, and olhei couniries 
ricli in walci power are the mam seats of this new' iiiduslry. 

However, whcie water jiower fails (as m (iermany) the power is often pio\ide<! from (oal, 
brown coal, peal, the [irodncer gases evolved in some furn.u cs, and coke ovens, etc. 

The cunenls are usually geneialed liy water tuilnnes driving dynamo'!, and the current is 
delivered to the salt solutions at a <lefinile voltage and a definite current density, svicii as exjieiieiice 
.shows Is l>esl for the particular cell eiiqilove*!. The.se cells are small, and the currinl is often 
(livideil among hundreds, and sometimes thousands, of individual cells (as these latlei cannot be 
greatly cnl.irgetl lo meet increased power, as is the case 111 most other induslri.il plants). 


ELECTROLYSIS OF ALKALI CHLORIDES FOR I’REPARING 
CHLORINE AND ALKALI 

Four main processes are worked, namely;—(i) The diaphragm |)rocess, 
(2) the mercury process, (3) the Bell process, (4) the fused electrolyte process. 
We will descrihe each in detail. 

(i) The Diaphragm Process. — I’he earliest and most successful cell of this 
type is the Griesheim, which has been worked (C/rf2«Ar/« Fabrik Griesheim-Electron) 
since 1890. l,arge works employing this cell also exist at Bitterfield, Basel, and the 
Badische Anilin- und Soda-fabrik also use this process, d'he cell (Figs, i and 2) 
consists of .in iron box mm, which is made to serve as the cathode. Inside this 
are placed six small porous K;ells d,d, serving as diaphragms in which dip the 
anodes k,k,k, all connected in series, the whole being filled with saturated NaCl 
solution. 

The walls'Ilf the small porous cells it.d (diaphragms) are a composition of cement, NaCl and 
nCl (Brener, fierman f’.ileni, J0.222, 1884). In the course of use the NaCl dissolves anil leaves 
an extremely fine-pored wall, winch separates the anodic from the cathodic space, and which 
allows the current to pass through. This composition lias proved very resistant against alkali 
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and chlorine. The anodes kk, dipping into each porous cell, are now made of magnetic iron oxide 
(FcjOj) fused in the electric furnace at 2,000-3,ooo” C., and poured into moulds. Such electrodes 
have proved superior to the carhon poles previouslv employed, which arc attacked hy nascent 
oxygen. 

Separating each small porous cell arc iron plates l\b, going right across the main 
iron box mm, and dipping nearly, but not quite, to the bottom. These iron plates 
form (together with the iron walls of the main box mm) the cathodes. „ 4 

The porous cells surrounding the anodes are covered with lids, chlorine 



Longitudinal Seciiim. Cioss Section. 

I'li:. I.—The (Iriesheiin ('ell. 


escaping througli a lube leading from the interior porous cells as shown at r, the 
anodes pas^jmg right through tiic lid- The chlorine is led away through an earthen¬ 
ware i.jpe to the chlorine chamber. 

A!^o each cell is provided with a tube-shaped grid of earthenware fur filling in 
.sail, thus keeping the solution saturated. 'I'he bath mm is also provided with 
a I'd through which the evolved hydrogen e.scapes. This gas is either led into 



a gasometer or it is led away to the pumps, and compressed in strong steel 
cylinders under 150 atmospheres pressure, and stored in this form. 

The following are llie changes which occur m the cell when the current i.s passed through the 
saturated NaCl solution in the IkU)). The Cl ion passes through the diaphragm.s </,</ into the anodic 
space and there e.sca|>es as Cl gas, while the Na ion passes fronj inside the diaphragm and dis¬ 
charges itself on the calluKlic spjvce outside, being converted into NaCtll and 11 , >fhich escapes 
as above descrdxrd. As the action proceeds the solution becomes weaker and weaker in NaCl, 
so that saturated NaCl solution is run in through the pipe z, and the vdUl salt added from time 
to time also mainiams the supply of salt to the liquid. Consecjuently in the aithodic space there 
gradually collects NaOII liquors mixed with u dilute Na(d solution, and ^his i.s run out from time 
to time by means of a tap M, the deficiency being replaced by fresh NaCl solution entering through 
z, so that there is a continuous flow of electrolyte through the system. The action, however, does 
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not procee^l tf» < omplction. h’-. sf)on as Nat )I I is formed it lo itself lake j^arl in carrying the 

(urrent, tlic tendeiKV hecoming ihc mon- marUcil the more NaOll that is present. It is supposed 
that tlu- NaOlI <lfCi»ni]V)ses thus* — 

2 NaOlI -- 2Na \ 

I'lic Na Kill at the ralhode tliey gives up its 
cli.uge, . 111(1 leads with the Mitrouiiding water 
to pioduce NatJll again and II( 2 \a-i 21 L()-- 
jNatHl f H..K whih at the cathode \vc eet 
the OH' ions similarly dunging into water and 
oxygen ( 2 ( 0111 ' IH O ! O’), so that the net 
results are lliat hjiliogen is given oil at the 
i.'illiode and oxvgeii at llie ano<le, and a (^msider- 
alile ainomit oi the cuireni is used u]) list lessly 
simply in det.oni[ioMng water, 'i'o prevent tins 
waste, therefore, in pr.ictue the jirocess ol electro¬ 
lysis is slopped as soon as ahout one tliiid of the 
N.i('i lias been changed into NaOH, ami the 
Nat til licpiors formed, containing alxnil 75 g. 
Na(.>ll, and iiio 2(X) g. NuCl jier litie. aic lun 
o(f into vaemnn cv.ipoialors and conccnirati d. 



idncts lilniiitcd .ire . 15 . 1 ? g. <' 1 -t tog NaOlN I g. II. h\ thi |>ass.ige 
mpere-set oiids) 




t+- Hyci/rogen 


Wilh ihf o 1 )ji-ot of diminishing as 
imii'h as possible the internal lesistanee 
of the cell, ttie polar surfaces are made 
as lari^e as possdile, and brought as close 
as possdile lof'clher, while ihe sail solution is mainlained at So -yo'" by means of 
a steam jacket. 

It li.is liiTii loiiiiil tli.it tla- Iiest ii-vull.. till- au.uneil in |ir.i<lh.L- I>> iMii^ :i v.jltaur of.( mils In 
drive tlie (in rent across tlu palli, the < in lent density heing l(Xi- 2 uu amjieies pel sijuaie mclie Since 
the e<|uivalent amount of | ' 

of ()(>. 5.|0 (oulomlis (/.( 

Ihrough tlu iKiiiid, with 4 volts driving this 
current Ihe energv expendi-tl pel snond wotdd 
he 4 •(>(•,540 volt amperes II.P. In 

other vvtirds, <^25 11 I’, woikmg foi I second 
would vield 45.5 g. <if('i, or 1 11 .!’. w>irk 
ing for ivvintv Uuii hoiiis would give > Sc; kg. 
of Cl - lt> kg. of hleaduMg powder (i.ti kg. 

NaOlI- 017 kg II ( 2(.uh. in.). 

It should he pointed out that when the 
chlorine foimed comes mio (onl.nM with the 
NaOIl produced wc gel, in llie told, some 
sodium hvpochloiite proilucf-d; in liie hot 
solution, however, so«hmn diloialc is pro¬ 
duced. So lh.it the NaOII jiruiluced some¬ 
times Contains small amounts of hvpocliloiile 
tiiid chlorate. The liyjioehloiite and chloiale 
in the lupiois tend l-i attack 'he c.irh<m 
anodes. jtHHiiiciiig C<C, wlhcti is ahsorlied hy 
NaOIl lorining c.irhoiutes. So th.u wherevr 
carhon electrodes arc usi-d, small am«*imts of 
caihonates are usuallv found in the lesultmg 
NaOII. 


The Hargreaves Bird Cell 


IS 



u.scd directly for the eicetrolytie pro¬ 
duction of sodium caibonale. The 
constriKtion of this cell is best under¬ 
stood by reference to Fig. 3. A, a are 
carbon iinodes dipping into a s.nfiiraled 
solution of NaCl coiitaiifed in the 
anodic cells iiit, 11 r. I he walls of these cells are made up of porous dia¬ 
phragms, consisting oi cement or some similar material, to which is affixed on 


Fin. 4.—The Tovvn.send Cell. 


* See Ker.shaw, Uleiirhal World, 46 , loi : English Patents, 18 , 871 , 1892 ; 5 , 197 , 
18 , 173 , 


»*«93; 
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the outside a network of iron gauze, which forms the cathode. The NaCl 
solution flows into the anodic s[iace through a tube near the lop, and pours 
through the diaphragm surrounding the anode, out through the wire giiuze into 
the exterior empty spiice do, finally escaping through the tulie o'; as Ihe salt 
solution pours through the rell, subjected to the powerful electrolytic aetioti by the 
current piassing from a to n', and con.serpiently the salt solution emerges through the 
diagram into the e.xlerior empty space nn, it is largely decomposed into NaOH. 
In jin, however, it meets with a stream of steam and CO„ which immediately 
combines with the NtiOH to form Na.,('(),,, which pours off through o'. The 
e.xterior space lit) thus remtiins empty. The Na,,CO., liiiuor is gradually evaporated 
and the erystalli.sing Na.,(:{),; sepaiated by centrifugals. 

Arrontinr; Kcrsliaw, ilie ui.siii cells aie io fl. long l>y s fl. 14111. deep, an,I .sic united in 
biUicrifs of fdurlffii. 'I'hc Itrinc is punijH'd dm illy fioiii tlu‘ suit springs mU> Ihe liaiicry, and 
a current ol 2,000 amperes, under a ttnsion ol 4-4^ \()ll.s, is |)asst*d llirmigh the liipud. I'Acry cell 
decomposes too k^. ‘>alt in twentj four h(*urs. Curreiil rllliiency, ()0 per cent. 'Die csiaping 
NaoC(.>.. lifpHUs cotjiain 150 g. Na„l'( >. per lilie About (16 jfci cent. 0/ llie Na(.l is dccoinpised 
into Nat )I I, 

This ] rocess IS woikrd by the Klectiolyiic Alkali f”oni|)an) in MuldltVMcb, but the suiceiiS in 
. n^laml dftes not .Tpjicai to ]>e mt\ maikcd, although the plant appears lo he ninre successful 
ahioad. wtieic elecliical power is chenj'ci. 

The Townsend Cell (Fig. 4) consists of an interior diaphragm of porous 
.naterial, />., asbestos mi.xcd with iron oxide and hydroxide, firmly fixed into a 
r.on-erii,ducting cement foot i'.. .Surrounding and in close contact with the porous 
diaphragm aa is the cathode, made of iron gause. Into the interior of the 
diapliragm projects Ihe hollow anode (of Aeheson graphite) iujIjH, which neatly 
fills the entire central spare. Thiough the middle of this anode is a tube eh, 
down which a strong NaCI solution is pumped. 'Ibis NaCl, as it passes 
between the wire gauze cathode on AA and the anode on, is suhjerled lo the 
powerful cleetiolytic action of the stiong current flowing between them. The 
NaOl! formed streams through the diaphragm aa into the exterior space kk, 
which IS filled with oil, which serves as the inactive fluid which sep<itate's Ihe 
cathodic and anodic fluids .ind picvcnts them uniting. 'I'he NaOH htpiors sink 
below the layci of oil to the bottom of the space KK, and are run off through MM. 
The oil hath car. have its temperature regulated by closed steam or water coils. 
Cl esr.'pes from the anodic space and 11 from the cathodic spare (see English 
I'atenI, 18,403, 11)04). 

Ac'uidini; to llacklun,! [C/u'mikei /.iifmig, 0 ) 09 , 33, 1125), at Ki.agara falls a current of 
2,5C«>.5 ,ooo ampetes is sent througli a haltcry of .scvcnly-six cells. The ‘'deusily " ol the current 
usc.t IS ahmil ! ampcie for each npi-irc inch .anodic surface. The voll.ige per cell is 4. Tlie 
(liapliragms ate cleane,] every Ihiily dav.s. Current cthciency, 90 per cent. 15-20 1 . of NaCl 
solution or, sent through c.icli cell per hour. The lupiors escaping lonlain 150 g. NaOlI and 200 g. 
NaCl per hire. 

The main aiivanlage of die jnoccss is stided lo be tlie almost complete absence of chlorates and 
hypochlorites in the escaping liquors. The resulling NaOlI Iic|Uors are evaporated, separated 
from the NaCl (which crystallises out), again evaporated in open hoilcr.s, anti sold containing 
7 h- 77 .) per cent. N.rOiI, together with 2 per cent. Na.jCO;i, and a small aniounl of NaCl. 

Le Sueur’s Cell, of latest construction, is described in the American Patent, 
723,398. The cell (Fig. 5) is divided into two compartments by the diaphragm AA 
(made of asbestos), which is coated with iron game, which forms the cathode. A 
carbon anode ti passes through a lid closing the anodic compartment c. A stream 
of NaCl solution enters through the pipe e, enters the anodic compartment c by 
means of a hole bored in the lid, and then flows out through the diaphragm into 
the cathodic compartment i). T'he electrolysed Jarine collects in v, and the 
resulting liquor, rich in NaOH, escapes through e. The fluid pressure in c must 
be greater than in it, otherwise the liquid will not escape readily through the 
diaphragm. 

A modificalion of this process is stated lo tie worked at Ktimford Falls in Maine (U.S.A.). 

The Outhenin-Chalandre Cell (see Moniteur ScienitJ., 1907, 789, 586) 
has been used extensively in France, Switzerland, Italy, and Spain. The anodes 
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are of graphite, the cathodes of iron, and the diaithragni consists of a special 
kind of porous earthenware. 

The Billiter-Siemens Cell (see British Patent, 7,757, 1907; Kershaw, 

Soc. Chem. /ml, 1913, 32, 993 - 995 ; Allinand, loc. at.-, Allmand, “Principles of 
Applied Electrochemistry’’) has, since 1907, been extensively introdwced on the 
Continent and at Niagara Ealls. 

The apparatus (Eig. 6) consists of a bell (i i) closed at the bottom by a diaphragm 
(i, 2), which rests on an iron or nickel net (3), which serves as the negative cathode. 
Inside the bell is the anode (8) (made of carbon), the whole standing in an outer 
vessel (10). 

'I'he special feature of this cell is the nature of the diaphragm. Ihe wire-net 
cathode (3) is covered with ordinary commeieial asbestos cloth (1), on winch ts piled 
a powder duiphrafc^m (2), made of a composition consisting of an insoluble |>owder 
(like barium sulphate or alumina), with asbestos wool, the whole being made into a 
tenacious but consistent mass with a solution of lomiiion salt. 

Naf.'l solution enters thiough the ]iipe (12), flows right through the diaphragm, 
is subjected to electrolysis in so doing, and escapes as NaOll through the 
outlet (13). 



The cell is provided with a special healing arrangement, which serves to keep 
the liquid hot. 

With 4-3 veils the apiwi.ilus gives 12 pvi cviit. NaOll, with vhicioncics of 90-95 pei cent, of 
the ihvorcliral .iinminl. t’l gas of 99 pvr cent, slrcngth is cvolreil. .Xn ap|i.iratus with a calliodic 
nvlof 1 s,|. luoliv working umicr a tension of 4-4,5 \olts ivquncs .1 current of 600 amperes. The 
s&ll NolvitiDii IS lujiintmnccl ut 6o C. Anodes of iiuiy^iicUc itf)n usulc uic now slated to be uscu 
instead of c.irbon. * 

The Billiter-Leykam Cell, a modification of the Billiter-Siemens cell, is an 
improved form of the bell-jar cell, using cathodes hooded in asbestos and placed 
underneath the anodes. 

Working .11 S5" C'., it furnushes a 12-16 per rent. NaOH al a cuiient cfhciencv of 92 |jei cent., 
using 3.2 volts ami employing unpmilied hone. The diawhack is the small amper.igo pt-i unit cf 
lloor .spvice. 

The Finlay Cell, described in the British Patent, 1,716 of 1906, also in 
Allmand's " Principles of Applied Electrochemistry,” p. 380, is a double diaphragm 
cell, with a doubly counter-flowing electrolyte traversing the cell from end to end by 
means of tubes. By means of‘a filter press arrangement (the cell being built much 
like a filtciv press), the thickness of the electrolyte is reduced to a minimum. There 
is a constant difference of h)drostatic [iressure at every point of the diaphragm, so 
that uniform percolation of the brine is secured. 

Kig 7 shows a sccuon of a battery of colls, a,a aie tlie anodes, id the cathotles, d,d the 
diapliragms (made out of a.sheslos plate, with holes therein at top and bottom (or allowing htine 
to How through accor.lmg to a definite counter-current circulating lube system), and p,p ate 
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“distant pieces” (/>., frames placed l)Ctween the diaphrn|;ms) which, when pressed up by the 
screw 3**32* enclose a space which constitutes an clecirolytic chamber. These distance pieces are 
also provided with holes, which, willi the corresponding holes in the cailuxle, anode, and 
diaphragms, constitute part^ of the tubes of the circulating system. When these parts are arranged 
in the cell a^ shown, and are pressed together lietween ilie end plates 30 by means of the screw 
31, and the l^ndwhecl 32, orifices in the cathodes, diapliragms, distance pieces, and anodes all 
coincide, and form continuous lid>e.s or ducts for circulating the electrolyte- 36 is the feed system 
for the brine, 37 and 38 are, respectively, oul-fiow cisterns for the prcxlucts of the cathode and anode 
chambers resjieclively. 39 is a separator for H gas, a similar separator (not shown) being 
employed for the chloilne. 

The separators and pipes connect with the three douldc lines of lu)les in the elements, making 
up the l;attery, so that three continufius tubular circuits are formed for the (low of Ihjuuls. 

According to Donnan {Jount. Soi. Clum. Itui., 1913,32,994) this cell, woiking with purified brine 
and a current density of 4 anijicrts per squaic decimetre of <liajihragm, can pmduce 8-12 per cent. 
NaOII at a voltage not exceeding 3 volts, and with a cathodic current cfHciency of 08-99 per cent. 

In 1913 three l ,000 amjicre units were being satisfactorily operated in Belfast. The Kinlay cell, 
however,-according to Kershaw {/oc. (it.), haiulicappeil hy the low concentration of the NaOll 
jiroduced. 



I'Ki. 7.--The Hnlay Cel). 


Ktrshaw {lor. ril.) stales that diaithragm cells, with a moving electrolyte, the 
flow (if which through the cell counteracts the effects of convection cuirents and 
of ionic mi;*ration which are constantly occurring, are now the most efficient type 
ol electrolytic cell for the production of alkali and chlorine compounds, the Billiter- 
Siemens and Finlay cells possessing the highest energy cfficiences. 

The following figures are given, showing the current and energy efficiencies of 
the various electrolytic alkali processes:— 


1 Name of I'roccss 

Kfhciencies per Cent. ,, . , 

‘ C.onccntration of 

1 or Cell. 

1 Current. 

j Energy. ‘ Liquor. 

1 (iriesheim - 

i' 

75 

4S i 1-2 N 

1 llargreaves-Bird 

80 

54 , ■ 

1 Townbend - 

94 ‘ 

45 ! . 4N 

I Billiter-Siemens - 

92 

68 j 3N 

{ Billiler-Leykam • 

95 

59 1 3-4 N 

J Finlay • - . ' 

1 98 

75 i 2 N 

1 ('astner-Kellner • 

9 * 1 

52-3 

j Aussig “ bell” • 

m 

40.9 1 ... 


I 


I 

i 

I 


Note .—A concentration of 1 N is equivalent to 40 g. of NaOH per litre. 
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(2) The Quicksilver Process of Electrolysing Alkali Chlorides.— 

In thi.s process (piicksilver serves :is the cathode, takin;; up tlie liberated Na as an 
amalgam, and giving it up at another place to water to form NaOH and hydrogen. 
The great advantage of this proce.ss is that the NaOIl formed in the neighbouring 
cell IS 1 oin|)letely chlorine free, and on eva])orating the .solution a very yure NaOH 
is obtained. Moreover, it is possible to prepare directly very concentrated NaOH 
liquors, so that not such a great ileal of evaiioiation is necessary as in the process 
first discussed. The absence of a diaphragm gre.itly reduces the resistance, and 
so allows the whole operation to be earned out al a low voltage. 'I'he main 
disadvanl.agc is the great cost of the large quantities ol quicksilver required for 
the plant, 

I'ig. 8 shows the cell employed by tbe Castner and Kellner Co., Weston 
Point, Kuncorn, The large trough mm is divided into three comp.artments A, 11, A, by 
two partitions which do not toiicli the bottom of the cell, but fit into grooves at the 
bottom. Two stout graphite electrodes projeit through the walls of the two outer 
coinpaitments of the vessel, while the middle conqiartment is fitted with an iron 
grid to form the cathode (-pole). 'I'he non-poiotis massive partitions do not 
reach quite to the bottom of the cell, hut dip into a layer of mercury covering the 



bottom as shown. A solution of alkali chloride flows through the two outer 
comp,artmenls, and w.tter through the middle compartment. 

On passing the current, the salt dissolved in the w.iter of th*' two outer 
compartments a, t is split tqt into 01 and Na ions. 'I'he chlorine is evolved as 
such at F, hut the sodium travels with the curreni and dissolves in the mercury 
at the liottom of the compartment, forming sodium amalgam. A slow rocking 
motion is gir en to the whole apparatus by means of an eccentric wheel pkiced at 
H, and this makes the mercury flow from one compartment into the other, and so 
brings the mercury amalgam into contact with the water in the middle cell, where 
it is decomposed, forming NaOH, evolving H, and regenerating the mercury. 'I'he 
hydrogen escapes through the loosely-fitting cover. When the NaOH formed in the 
middle compartment is sufficiently concentrated it is run off into another tank for 
boiling down. ^ 

Accorilinjj to VV, Goidon C^rey {[ouni. Sot. C/u'm. 1913. 32 , 99.S). 144 cells of the 

rocking Castnei Ivpc, nie,isuring (1 fl. hy 4 ft. intciiially, and containing 200 Ills, of ineicury, gave 
with a current of 560 ampcics al 4 volts (using .Veheson graphite anodes and iron calliodes) per cell 
ahout 0.75 g.rll. of 20 per cent, caustic soda per hour. Nfeicury in the cells was purified fiom 
disintegrated graphite by mi-chanical means .and dihile nitiir aciil, the total loss of mercury being 
under 2 per cent, per yeaC. The evolved chlorine made 40 tons of bleaching powder per week. In 
working the cells care has to he taken to present undue hydrogen form.ition in Ihe anodic chamber 
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(the gases l>eing repeatedly analysed), otlierwise cxploMons may occur. Kershaw gives 

the current efficiency as 91 per cent, and the energy efficiency 52.3 per cent. See also I^epsius 
{loc. a/.)and Knglisli I’atents. 16,046, 1892; 10.SS4, 1893. 

Solvay-Kellner Cell— 9 shows a diagram of the Solvay-Kellner cell. 

• 

The carbon anodes a,a,a,\ are joined up as shown, an<l dip into a strong solution of brine 
which tills the trough XY, the brine eiUeniig at s and tlowing out at sb Siimiliancously a stream 
of mercury enters at n, flows along lb • bottom of the cell and escapes at n, flowing over a “ weir ” 
at C. As the current [lasses from the cail)on electrodes to the mercury, the sodium dissolves in the 



inercur\ to form .imilg.im. winch is ilicn lemovml at l>, decomposed b) sie.im, forming IT gas and 
NaOH, .iml the rec ivi-ied meiciiry is pumped in .igairi .it li. Chlorine csc.i))es continually at K. 
The apparatus is thus a continuous working one. The escaping amalg.im contains usually 0.2 per 
cent, of Na. Fhe cell can be built in very large units, i.ikmg lo.ooo-i5,000 amperes (see (ierman 
I’atenl, 104.900, 1S9S). 

Rhodin’s Cell, sl,u<'d to be in use in Sauli Sie Marie in Canada, consists (Pig. to) of a circular 
iron inmgh AA, m which is placed a bell-like vessel nil, through which jiasses a series of carbon 
anode>. i),i> The NaCl .solution is contained in the bell. The eslonor trough AA, however, is 
filled wiib \vat< r, and the bottom of the trough contains mercury, whicli forms the anode. The 
whole bell slowly revolves, and the quicksilver absorb> the liberated Na as wKlmm amalgam, which 



Pig. II. —Bell of Rhodin Cell, 



is then decomposed b) the water in the exterior trough, forming NaOH and II (see Zeit. f. 
EUktroihem.^ * 90 J 1 ' 9 > 3f>6 ; also t ierman Patent, 102,774, 1896). 

The advantages of the mercury cell are (I^psius, loc. cit.)-. —(i) Very [)ure 
caustic alkali of high concentration; (2) high curre«t effic iency; (O no oxygen 
evolved. The di.sadvantages are. ~(i) High voltage required (4.3 voli.s); (2) cost 
of mercury (72 tons per plant of 6,000 H.P.); (3) expense of first cost (apart 
from Hg). 

(3) The Bell Process.— In this process no diaphragms are used, the 
separation of the liquors being made dependent upon the superior specific gravity 
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of the caustic soda or caustic potash solution, which then sinks to the bottom, 
leaving the NaCl or KCl solution above. 

Figs. 12, 13, and 14 show the Aussig-Bell Process in longitudinal and in cross 
section (see Ccrman Patent, 141,187, 1900). Here the anode is enclosed in an 
inverted, non-conducting bell, with the cathode outside. In a vessel w.stand some 
twenty-five small inverted earthenware “bells,” g,g, coated externally with iron 
sheeting re, which forms the cathodes. Inside each bell is a carbon anode a, 
placed so that only a small space is left between the walls of the bell and a. All 
the bells are connected in parallel, as shown in fig. 13. Through an opening c in 
the carbon anode a a saturated stream of NaCl slowly pours out of many small 
holes in the pipe dd into the cell. As it enters, the liquid is subjected to the action 





Fn;. 13. 

The Aubsig BcII Cell. 


F'lr.. 14. 


of the electric current, and the heavy caustic soda formed sinks downwards and 
fills the trough beneath; as it does so, it is continually removed by the overflow 
pipe i. The Cl gas escapes out of k. The openings ii,n in the bells are used for 
connecting together the gas spaces of the twenty-five small bells, so as to maintain 
internal gaseous pressure the same in each cell. 

The theory of the proce-s has tiefa worked out in detail liy O. Steiner (Oj/ot. Chem. ZeU., 
1907) and F. fhancel (C.B., Kioh, 1789). The alkaline eathodic lic|Uors form in the “tiell” sharp 
layers (Kig. 14), tlie definiteness of whicli must lie maintained if the process is to work efficiently. 
Its position in the eell. also, must not lie altered to any great extent, a state which can only be 
matntained by continuous working. For in the process of electrolysis, the neutral zone, if lelt to 
itself, would steadily advance upwards in consequence of the passage of OH ions toward the anode, 
for, as explained on p. 37<5, ns soon as any KOH is formed, it begins to lake part in the electrolysis, 
the K passing towards the cathode and the Oil ions towards the anode •, and it is obvious that in 
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the cathodic liquors, where excess of KOIl is present, it is the KOIl which is for tlie greater part 
electrolysed, whereas in ihe anodic solution above it is the KCl which mainly undergoes electrolysis. 
Consequently, if we were dealing with a stationary fluid, the KOIl layer would steadily creep 
upwards towards the anode, and this is only prevented by a steady c<mtinuous fec<l of K('l solution 
at such a rale as to just counterlxilance the rise t)f the KOIl layer, so that the “neutral zone” 
remains in a stationary condition iit the cell, neither advancing up the bell nor receding l»elow it— 
conditions which arc easily maintained by carefully regulating the voltage and temperature, and the 
inflow of K(M solution, so as to maintain equililirium. The neutral layer must remain several 
centimetres distant from the anode, and the liquid should not lx* healed Ij> any great extent. 

The iron cathode must lie close to the hell, and the anode must be perfectly horizontal. 


It has been found that the necessary voltage for efficiently working this process 
is 4-5 volts, while the current-efficiency is given as 85-90 per cent. It yields 
alkaline liquors containing often 120 g. KOII per litre—consequently much richer 
in KOH than the liquors obtained by the diaphragm jirocess. However, the 
electrolysi.s of the KCl cannot be carried to completion owing to the growing yield 
of 0 together with the Cl, also some chlorate is formed. 

One disadvantage of the apparatus is the smallness of its dimensions,' and the 
care and exactness with which it must be regulated, one necessary condition to 
this being exact horizonlalness. Once in action, however, it wnll keep long at work 
(the graphite anodes having, it is stated, a 
life of five ycar.s), and requires but little 
supervision. 

(4) The Fused Electrolyte Process 

is staled to be successfully worked on the 
Niagara Kails (see Haber, Ekkirachemic, 

1903, 9, 364), and is protected by the 
English I’atcnts, 6,636 and 6,637 1898, 

and by the German Patents, 117,358, 

118,049, iiOijfii. It is usually 

known as Acker’s process. Molten lead is 
used (or the cathode for collecting the 
sodium, and the re,suiting alloy of lead and 
sodium is then ilccomposed by steam to 
form hydrogen and sodium hydroxide. 

Fig. 15 shows the apparatus. Four graphitic 
anodes a,a,a,a dip into a i2-r5 cm. deep 
bath of fused salt, so tliat they are only 
separated by a distance of 2^ cm. from 
the cathode of molten lead c, and on which 

the molten NaCl floats. The molten lead is contained in a vessel built up of 
fire resisting material, the component parts of which are kept fastened securely 
together without mortar or cement merely by the molten .salt penetrating between 
the crevices, and there solidifying, forms the binding malcrial. 

A powerful current of 8,000 amperes, under a tension of 7 volts, the current 
density being 2.9 amperes per square centimetre area, keeps the bath in a molten 
condition, the lead taking up some 4 per cent, of Na, and being then run off 
and decomposed by a blast of steam under a pressure of 2-3 atmospheres. This 
regenerates the lead, which is pumped back into the furnace again, while a 
stream of burning H escapes; above the lead the NaOH forms in a layer, which 
steadily runs off (about u kg. in one hour) and is absorbed in special vessels. 
The chlorine, mixed with air (ro per cent. Cl to 90 per cent, air), escapes from 
the anode and is conducted to the Hasenclaxr bleaching powder apparatus (p. 394) 
for chlorinating lime. t 

• 

Although at least 50 per cent, more energy anil a higher voltage is needed with this process 
than for the electrolysis of aqueous solutions, yet this is to some extent comixinsatetl )>y the high 
yield and concentration of NaOlI, averaging 94 per cent. The impure salt is directly converted 



Fl<;. 15.—The Aclvcr 1 ‘roress. 


At Aussig 25,000 cells are reijuired for 3,000 II.P. 
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into NuOI I, which is ilictt fusc(i in iron UjiltT? in order to remove traces of and CaO, which 
are derived fiom the C.i and sails <)ii;;inuUy in the sail. The M };0 and CaO settle out at the 
liollcmi, the rc'iiltin^ pioducts eonsislir.L: of 97.4-97.6 pei cent. NaOII an<l I per cent. Na,CO;,. 

Tlie process vv.is suciessfidly worked at Niagara l^dls hetween 1900 and 1907, when the works 
were destioyed liy 

Evaporation and Concentration of the Caustic Soda arid Potash. 

—'I'lic cvaporatiDH of the NaOll liquors, containing .as they do much NaCl, is 
carried out in triple or quadruple effect vacuum pans very similar to those used in 
the manufacture of soap for evaporating the soap lyes and recovering the salt 
(see Martin’s “Industrial Chemistry: Organic”). 

In evaporation, advantage is taken of the fact that NaCl and KCl are very 
sp:iringly soluble in concentrated NaOll or KOH solution, and conseipiently, 
as .soon as the concentration proceeds far enough, the NaCl separates out almost 
completely, and is se|)aratcd from the NaOH liiiuors by forcing the whole through 



special filters. Thus (Fig. i 6 ) a represents the body of the vacuum [lan, the 
separating NaCl collects in ii, which is provided with a transporting screw or worm, 
working automatically, which from time to time forces the deposited salt from n 
through the filter press c, wherein the salt remains hehiiid while the NaOH liquors 
are sucked away into n, whence they arc forced hack again into a, and the evapora¬ 
tion continued until the right concentration is atuained. 

The electrolytic NaOII of the Hadische Anilin- und Soda-fabrik is used largely 
for the alizarin fusion. Large quantities of NaOH find an outlet in the paper, 
soap-making, and many other tsades. 

The electrolysis of KC< with the resulting production of KOH, (d, and H is 
c,arried out in precisely the same manner as that of NaCl, and it is possible to 
obtain chlorine-free KOH by first evaporating to 50° lie. (at which temperature the 
liquor contains qq per cent. KOH to only 0.6 per cent. K('l—so insoluble is KCl 
in concentrated KOH solution, the substance being often put on the market in this 
form), and after filtering the separated salt, by further concentration and crystallisa- 
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tion at 6o° C., when the chlorine-free solid hydrate KOH.H^O is obtained. Below 
32’ C. the hydrate KOH.zlb.O is obtained. 

The inrlustry is e.s[)ecially devolopi-d in Germany, wliere in 1904 some 15,000 Ions eleclrolytic 
NaOH and 28,000 tons cleelrolx tic KOIl were placed on the market, the evolved chlorine going 
to make .some^,ooo tons of bleaching powder. In Germany two-thirds of the hleaehmg [lo'.vder 
made is derived from electroluic chlorine. In the IhS.A. the industry is also highly developed, 
hut in the United King lorn only a heginning has been made. 

The rhiorine which is evolved in these electrolytic ptoccsses is extremely 
concentrated, as mtich so as Weldon’s chlorine. It is either directly converted 
into bleaching powder or liquefied. 

The hydrogen, conipre,ssed in solid-drawn weldless steel cylinders to 150 
atmospheres, is used for autogenous welding anti cutting, for hydrogenating 
unsaturated organic substances, and for filling airships (see this Volume, p 109, 
(t. set].). In Germany it is stated that 10,000,000 cubic metres are annually 
produced from this source alone. 

Properties of Chlorine Gas. — (Ireenish-yellow, very irritant suffocating gas. 
Sp. gr. 2.5 (Air =^ 1). i vol. water absorbs of clilorine g.as (measured at o' (.'. and 
760 mm.):— 

Tem|)ei.itiiie - - - - lo'C. 20'C. yo"!'. po'C. 

Viils. cif ehliMiiie • 5.1x15 2.2fio l.yh; 0.380 

Sunlight decomposes chloiine water, causing evolution of oxygen •— 

Cl, i 11,0 = 2 IICI I o. 

Moist chloiine is very chemically active, uniting with H gas explosively in sunlight, 
also with most metals (with exception of platinum), S, 1 ’, etc. Carbon is not 
attacked. Dry chlorine is much less active, having no action on sodium or even 
iron Chlorine is absorbed by sodium thiosulphate, caustic alkalies, lime, etc. 

Powerful bleaching and oxidising agent in presence of moisture. 

Fo' Liquid Chlorine, see p. 381. 
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LIQUID CHLORINE 

By Gkoki'Rky Martin, l‘h.D, D.Sc. 

I-LI'ERATURk' 

See the foregoing icfeienrcs In chlorine «»n pp. 359, 367, uKo llu- following : — 

Tf.k hmanN.—“ Kompiiinierle Case.” 1908. 

IIdijunc.—“ horlsclinilc in dcr Kaluikation doi aiiorganischen Saureii, <li‘i Alkalion, dcs 
Amnioniaks untl verwandtei Induslrie/Aveige, 18930905.” Beilin, 1905. 

O. Kau.sc'H.— Zeil. lomp. Cii\ry 1893, 7 ' 58 * 

Also (ierman Patent, 50,329, 1S88. American I'atcnl, 491,699. Englihli ^ale^t^, m.070. 
188S; 7,058, 1S90; i88<m892. ^ 

Chem. bid., 1906, 29, 105; 1905, 698. 

A. IvANCK.- Zei/. aiixiw. Chcni., 1900, 684, gi\es the physical prt)pcrlies of liijuid chlorine. 

UkoI'KRKY Mar'jjn and h'. Dancamkk gi\e a full account of the pr<»perlies of gaseous 
and liquid t'hloime in \oI. VIII. of “Modern Inoiganie Chenu.stry.'’ Edited hy 
Newton Friend. 1915. 

In Germany, the production of large (luanlities of chlorine hy electrolysis of 
alkali chloride solution has led to the manufacture of liquid chlorine on a con¬ 
siderable scale. Liquid chlorine i.s also made in England hy the Kastner-Kellner 
Co. The industry arose from the observation of R. Knielsch (of the Hadische 
Anilin- und Soda-fabrik), in 1888, that dry liquid chlorine does not attack iron. 
At the present time the liquid chlorine is .sent long distances in large boilers 
mounted on wheels (somewhat similar to the apparatus used for transporting 
petroleum), and is drawn off from below in a liquid condition into storage vessels, 
from which it is allowed to issue from above as a gas when required for use. 

When, however, only small quantities are required, the liquid chlorine 
is preserved in steel cylinders, holding from 80-120 lbs. or more of liquid 
chlorine. 

By means of these methods chlorine has been rendered available in a 
convenient Jorm, and is now generally used both on the large and small scale 
for chlorinating organic materials {e.g., in the manufacture of raonochloracetic 
acid for the preparation of indigo (see Martin’s “Industrial Chemistry: 
Organic”), chloroform, chloral, carbon, tetrachloride, chlorbenzene, chlortoluene, 
etc.; also for obtaining bromine from bromides. Recently it has been employed 
in warfare. 

Liquid chlorine is produced solely from concentrated electrolytic (or Weldon) 
chlorine. Diluted chlorine evolved from the Deacon process is quite unsuitable for 
liquefaction. The process is as follows:— 

The concentrated chlorine as it streams from the electrolytic cells is cooled 
in earthenware pipes in order to condense as much water and hydrochloric . 
acid (if any is present) as possible; the gas then gasses through concentrated 
sulphuric acid in order to dry it, and then into the gas holder a, wtiich stands 
over concentrated sulphuric acid (Fig. i). From a the gas passes through the tube 
bed into the compressing pump d. 

The piston m works up and down in the limb p of the U-shaped tube Rs. 
This U tube is filled with concentrated sulphuric acid, but the surface of the acid 
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in I' is covered with a layer of petroleum. 'I'he tube is widened at R in order 
to prevent the rise and fall of the liquid surface churning up the sulphuric acid 
and |)ttrolcuin therein into tin emulsion. 'I'he limb s communicates with the 
holder i liy means of a vahe N and a hole / (which r an be wholly or partially 
closed by the screw /). 

A water bath i! surrounding s keeps the limb s at a temperature of ^o^-So" C., 
so as to pievent t blorine tondensing in this part of the apparatus, x is the strong 
glass tube to show the level of the liquid in 'I'. The tube g leads to the conden.sing 
coil K and the stiong steel holder o. The action is as follows;—When the plunger 
M ri.ses in u the jiu’ssure is diniinished, and ('I gas is sucked in from the tube hed 
through till' valve / into the chandler r,. When, however, the ])Iunger M descends 
on the return stioke, the chlorine vvliieh lias entered is driven out of the chaiiiber 
K tbrougb tile valve N into i, the last traces of Cl being forced out ol the chamber 
K into I bv the escess of acid^-ontained therein 'I'he com])lete evpulsion of the 
Cl from the chamber above r. is essential, because in order to liquefy chlorine gas 
it is iieee.ssary to compress it to about of its original value, so that if only a 
small bubble of chloruie reniiiined in r, this would greatly impair the efficiency of 
the punqi. '1 he hole / prevents this, for as .soon as the pressure decreases in E 



f’U.. I.— ^fliint fur Lii)iief)'ing ('tiU.nnc. 


•(owing to the rise of the plunger' M) a quantity of acid is sucked from T through 
the tube / into this chamber K so as to partially fill it, and consequently somewhat 
less Cl is sucked into the chamber V from /than properly corresponds to the volume 
of the plunger M of the punqi. W^ien now the plunger m relunis on i's downward 
stroke, it follows that not only is all,the Cl pressed out of K into i, but also the 
excess of sulphuric acid which had eiVered the chamber E tbrougb I is also e.xpelled, 
and this stream of acid forces out the last traces of Cl from E into T. 

'I'he compressed chloiine passes away from the pump through g into the 
condensing coil K. Here liquefaction takes place, the liquid pouring into the strong 
steel vessel o, and then into the steel cylinder v, which stands upon a weighing 
machine. The siecl transport cylinders are made of such a size that they 
will hold, say, 50 kg. (about i cwt.) of chlorine. It should be noted that for each 
1 1. capacitv not more than 1.25 kg. of liquid chlorine can be run in, or 1 kg. 
of chlorine must have allowed it 0.8 1 . (The specific gravity of liquid chlorine 
at - 10" C. is about 1.5.) , 1 kg. Cl corresponds to about 300 1 . of Cl. These 
■cylinders ate usually tested every two years up to 22 atmospheres pressure. 

TIk- firm, r. Scliullzc Co., ha\i- placed on ?he market a <loiiblc-aclion compre.ssor foi chlorine 
and Mmilar very reactive* gases, a section of wliich is shown m t'ig. 2. The apparatus is worked 
by compressed air. I'hc' whole apparatus is made «.»f acid-resisting cast iron. The compressing 
pistons for the chlorine arc formed by liquid sulphuric acid of 6 o‘’ He. contained in the two vessels V,V 
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Tl)e sulphuric acid in these two vessels alternately rises and falls, being operated by compressed air 
entering through a. When the litjind in v falls, it sucks in chlorine gas tl>rough the valve 11; and 
when it rises it expels the chlorine gas in a compressed condition {about S atmospheres) through the 
valve K. A glass tube (shown in outline) indiaitcs clearly what is taking place in each of the 
vessels V. The chlorine gas, therefore, only comes into contact with the sulphuric acid in V. and 
the walls of v (jidiicli are often porcelain or lead-lined cast iron). l>y this means all diHieulties as 
regards pistons, sUilfing boxes, etc., are avoided. The way that the compressed air entering through 
A causes the sulphinic acid in l» and the chambers v,v to allern.itely rise and fall is as follows 'bhe 
compresseil air rushing in through a into the chainlier i» f<irc<*s the sulphuric acid out of o into v, 
therehv compressing the chlorine in v and expelling it ihrougli K. When, howexer, the sulphuric 
acid is'nearly exi>elled from D the floater it is left willuml support, and immediately sinking operates 



Fio. 2.—Double*Action Compressor for I.icjucfaction of ('hlorine. 


a lever which shuts off the supply of compressed air, and simultaneously ojiens the valve o, thus 
allowing the compressed air in u to escape into llie air. 'I'lie pressure thus falls in 1), winch causes 
the sul|)herlc acid in v to rush back again into d, thus again drawing in fresh chlorine through H. 
The mechanism is so arranged that when the sulphuric acid in one chamber v is rising, the sulphuric 
acid in the other cliamhcr \ is falling. 

Lic)uid chlorine is a yellow mobile liquid, boiling at -34° C. At 15 C. it 
has a va[)our pressure of 5.8 atmospheres, and consequently it can be easily 
liquefied either by compressing to 8 atmospheres and cooling with water, or by 
cooling to - so” C. by means of liquid CO.. 

The specific gravity of liquid Cl is 1.5950 at -50", 1.4685 at 0° C., 1.4257 
15” C., 1.3141 at 50° C, 1.2228 at 75" C., and 1.1134 at 100° C. 

For properties of Chlorine Gas see p. 379. 
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SECTION XXWin 

MANUFACTURE OF CHLORATES 
AND PERCHLORATES 

Ilv CiKOKKRKv Martin, Ph !>., D.Sc. 


Ln'ERATURE 

SnlphuiK Acid and AlK.di.” 

(UKiscii, Die l'al)nkation \<m (’l.loisauren Kali.” iS'<S. 

Mitsi'Rai \.-Joum. So(. C/wm. /tut, iS86, 40S. 

Hammiii. fount. Soi. Ckotu. Itui.. i8S<k i<»S 

IlKa-lss, fount. Soi. dum. Ind.^ 1SS7, 24S. 

Wki.ikin.— fount. .\0i. Chom. ftiU.^ 1S.S2, 41. 

KKRsirwv. *’ Die t*lektr<.ilylisclie ('liloiutindiisii 1C.” Ilallc, 1905 

H<3l.HIN(..l orlschiitti* in dct Faltnlvalion dcr iiiiDig. Saurcn, der Alkalion.” etiiSijj 
H/ij. Bctlin, i()(,)5- 

1 ‘. I'oKsiKR. - “ |•.ll*kl^o(•lu•nlle \\a-.M‘ii”cr L.ss;n.” 1905. 

II. Lk.I'su s, —Hcrlm, 190), 2,S<)9. 

Mur.l'RNT'l and Em ni.M M^NN.—hnnlisl, r.iients, j.qfio, iSSj; 5,l8j, 18S;; 5.lS(», iSSj; 
1,900, 1SS5. 

Sec also the folluuing palcnls •— Iluki kk, Fnghsh P.iicnt, 15,396. 1S9J. I 5 i i mrnuiiri:, 
Englisli I’ateiit, 9 ,I 29 , i«S<>4 ; Ann-iK-.m I‘aienl, 537,179. Imiuh-F, American Falml, 627,093, 
1899; <German I’aicnt. 110,505. 1S9S. Lkukkiin and Corhin. Fremh I’alcnts, 22(),257. iS<^2. 
.•nd 238,012, 1S94 ; German I’.ilenl, n6.(>7S, H)()i. Umiki* Al KAl l Co., loiglish i’alem, 1,017, 
1S9C I*an1»oi I, Pren'h P.iteni. 282,737* I<898, and (iciinan I’alent. 159.747. 1904. .Sikmkns 
and Hai.sKR, German I’atcm, 1^3,859, I903. 

Manufacture of Sodium and Potassium Chlorate. —Potassium chlorate, 
KCK).|, and sodium chlorate, NaClO^, I'orm OM ellent oxidising agents, containing 
the chlorine absorbed in their formation available for oxidising purposes (OCI == jO), 
hence chlorates are much used for oxidising purposes in various technical 
processes, in the iireparation of dyes, and in cloth printing; also large (juantities 
of chloiate are used in the luanufaeture of explosives and matches. 'J'he chief 
difference l>«tween sodium and potassium chlorates is the fact that potassium 
chloiate is only sjiaringly soluble in cold water, hut readily soluble in hot, so 
that it IS easy to obtain this substance in a finely crystalline and pure condition. 
Sodium chlorate, however, is easily soluble in cold water as well as in hot, and 
so in cold aqueous solution is somewhat easier to use than potassium chlorate, hut 
more difficult to manufacture. 

Two processes of manufacture are in use. .According to the old process 
chlorine gas is led into hot milk of lime, and the difficultly crystallisahle calcium 
chlorate thus produced is converted into potassium or sodium chlorate hy adding 
excess of KCl (or NuCl). 

The more rerent electrolytic process is heing.largely woikcd in the United 
States (Niagara Falls), Sneden, and the .Al[)s, where cheap hydro-electric power 
is available. However, the old process at the lime of writing is holding its own 
against these newer processes. We will describe each [irocess in turn. 

Old Process for Manufacture of Chlorates.— Milk of lime is iilaced 
in a large iron cylinder provided with a stirring apparatus, and*a stream of chlorine 
VOL. I.— 25 
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is led into the liquid. Heat is evolved, and the liquid spontaneously increases 
its temperature to 40°-5o” C., when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the equations;— 

( 1 ) 2a. + 2 Cn(OH|,, = C.ilOCI). + CaCL 4 2IU). 

Cirlriuni (!aleium 
liyptji hloiitc. 4 hitriide. 

(2) 3Ca((Jtl). ^ (■a(('l<).,U I 2 Cnl\,. 

C.tkiuiu ( alciuni 
thluratc. (.hlondf. 

Or expressed in one equation:— 

6CL 4 (laqoii),, - CiiiCKL); 4 i oii.p. 

Towards the end of the reaction a |)ink colour appears in the liquid, due to the 
formation of small quantities of permanganate, owing to the presence of traces 
of manganese in the lime. The liquid is now neutralised and filtered, and then 
excess of K('l is added, when potassium chlorate is formed and crystallises out:— 

2k( l I C.ilCK),),. ■- 2KCIO., I C.tCh. 

On cooling the mother liquors strongly with special refrigerating machines a further 
crop of KCIO^ separates. The mother li(]uors are very rich in CaCl,„ the technical 
utili-sation of which (as in the Weldon and Ammonia-Soda processes) is one of the 
unsolved problems of chemical industry (see this \'olume, |). 34:). 

The pot.issium chlorate is freed from chloride by rccrystalli-,.ation. The 
jireparation of sodium chlorate differs from that of |)otassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more difficult 
to separate by crystallisation, too parts of cold water at 20' ('. dissolve 7.3 parts 
of KClOj against 99 parts of Naf'lOj. Hence in this case the procedure is as 
follows :—To the neutralised and filtered calcium chlorate solution excess of NaCl 
solution is added, and the liquor allowed to evaporate until calcium chloride, CaClj, 
separates out in a crystalline slate. Now ('dauber salt (sodium sulphate) is added 
so as to precipitate the rest of the calcium salts in solution as calcium suljihate:— 

CiiCI.,, I N.ijSOj - CaSOj -1- 2Na('l; CaflO., + N.i^Stq = CaSO^ 1 aXaCIO,,. 

The sodium chloride and sodium chlorate in the mother liquors are then separated 
by crystallisation, sodium chloride being much less soluble in water than sodium 
chlorate. 

In practice it is fniind that ahoiit seven times mrrre chlorine is necessttr) to produce 1 pitrl of 
potassium chlorate llian the same weight of hleacliing jrowder. from the preceding criuations it will 
he seen that, theoreticalI,\, some five-sixths of the chlorine used passes away as the almost worthless 
Cat'to (practically considerably more lhan hve-sixthsof the used chlorine is wasted), hut the chlorine 
thus aiisorlied is converted into the etpiiralent amount of available oxygen m the resulting chlorate. 
This i.s seen from Ihe erjuations:— 

12CI = 60 . 

I2('l 4 6 Ca( 01 I).. = CalClOT 4 - st'aCI., 4 6 H., 0 . 

Ca((:iOj)e - t 'aCL s 60 . ' ' 

Manufacture of Chlorates and Perchlorates by Electrolysis.— When 
an electric current is passed through a hot aqueous solution of potassium chloride, 
KCI, the current, under certain conditions, can split up the water, oxygen being 
evolved at the +pole (anode) and hydrogen at the -pole (H „0 = H., 4 -())). The 
KCI also undergoes decomposition, KOI! and hydrogen being produced at the 
-pole and Cl at the positive pole (KC 1 = K + C 1 : K + H ^0 = K 0 H 4 H). If, 
however, these different pfoducts are not automatically separated as formed, but 
are liberafed under such conditions that they cun all react together at a temperature 
of 45°-ioo° C., we get the chlorine absorbed by the KOH formed, forming hypo¬ 
chlorite (2KOH 4 2 C 1 = KCIO 4KCI 4 HjO), and the nascent oxygen also absorbed 
in oxidising the hypochlorite to chlorate’ (KCIO 420 = KCIO.,). Also the hypo¬ 
chlorite spontaneously decomposes into chlorate ( 3 K 0 C 1 = K(il03 4 2KCI). It is 



CHLORATES AND PERCHLORATES 


387 


thus possible, by carrying out the electrolysis of KCl solution under suitable condi¬ 
tions, to obtain an excellent yield of KCIO,, the final result being expressible by 
the ecpiation;— 

KCl I jtrp KC'IO., + ,ilL. 

Practicall/only traces of Iree oxygen or chlorine are evolved. 

Gall and Montlaux (Switzerland) were the first (1889-1890) to succes-sfully 
produce chlorates on the large scale by electrolytic processes, and so long ago as 
1900 their factories at Vallorbe and S. Michel were producing some 3,000-3,500 
tons of chlorate annually. 

The first cells of this firm were provided with diaphragms, and the alkaline 
cathodic litiuors were transferred to the anodic compartment by special means. At 
the present time, however, the use of diajihragms has been given up, and the neutral 
K( 'I solution is simply electrolysed, using platinum-iridium net anodes with stirrers 
in the cell to bring the chlcrine into contact with the KOH produced at the aithode. 


The Iwth is healed l'> the passage «if ihe current It) nver 40" (', Tlie hath litpiors, when con¬ 
taining suhicient ]\C 10 .., are removed, the KCIO.; allowed to crystallise out, and ihe mother lujuors, 
again saturated with KCl, are allowetl tti run Iwick into the 
fletlrolvser. 

In Gibb’s Process, as used at the National 
Electrolytic Co., at Niagara Falls, N.\'., the cell 
c onsists of a wooden trough lined with lead and 
divided into a number of compartments. Fig. i 
shows a longitudinal section through the cell. 'The 
anodic surfaces ii are sheet-lead covered over with 
])latinum foil. The cathodes consist simply of a 
number of copjier wires c, fixed vertically in the 
cell by insulating bars o. k,!-' arc insulating strips. 

A continuous stream of alkali chloride solution is 
led in through o to the bottom of the apparatus, 
and the chlorate produced in the cell, together 
with unchanged KCl and H gas, escapes through 
the openings ii. 

Th, lemperaluri- of the falh is kepi al 6 o"- 7 o‘'C., when 
Ihe hnni- Hews llir,iu{;h the fells al the rale of 28 I. per hum, 
while the yield from the current is alsiut 70 per cent, of 
theorv- The c-urrent density employed amounts to 55 
amperes per square metre at the anode, the current going 
through tile senes of cells being 1,650 amperes. The works 
at Niagara use 2,000 II.i'. from the falls. The escaping liquors must not rontain more than 30 per 
cent, t hloratc per litre. 



Fig. I.— Gibb’s Electrol}-lic Cell 
for Chlorate. 


In Lederlin and Corbin’s Cell (see French Patents, 226,257 of 1892, and 
238,612, of 1894) at large number of platinum foil electrodes c (Fig. 2), fixed close 
together in ebonite holders Kina tank of cement, are employed. ’J'he hot current 
of alkali chloride solution, entering at o, flows between these electrodes c, and so 
is converted into chlorate in the usual way. The solution of chlorates run off at 
y. (t and h are wooden supports for the ebonite holdens. Thi.s' apparatus has 
been successfully emjtloyed on the large scale, and has been working since 1895 
in a number of Continental factories. 


Since the formation of pitassium chlorii'e lakes place according to the equation : - 
KCl -t 31LO =- KC 10 „ 5 - 3II., 

(only very little oxygen being evolved through secondary decomposition of water), aflout ^ cub. m. 
<if hydrogen gas is evolved to every i kg. KCIO3 produced. 

Considerable losses of current ensue by the reduction of the bypichlorite formed at first by the 
hydrogen evolved at the cathoiie, and many proposals have lieen made to overcome this difficulty. 
Thus the addition of 0.2 per cent. CaClj (see French Patent, 283,737 ; (ierman Patent, 159,747, of 
3ISI May 1904) or the presence of potassium dichromate and IICI (see German Patents, 110,505, 



388 


mnrsm/AL chemistry 


of 29lh March 189S, and 136,678, of 12th April 1901) ronsideraUIy reduce the loaS, |)ossil>ly owing 
to the f()rmation on tlK‘ cathode of a tlun layer of Cu(( > 11 )., r)r Cr(OH).„ which acL«^ as a dia))hnigm 
and preveiils the evolved hydriigen too readily from counng into contact with the hypochlorite 
generated. When cliroinate is used the temperature of the hatli kept at 75" (k The Uniteil 
Alkali Co. (Knglish Patent, 1,017, add alumiinuni salts, or clay, or silicic acid to the electrolyte 
for the same pur(>ose; Siemens and llalske (Cerman Patent, 153,859, of 22nd March 1903) add 
fluorides, while tlie Cierrnan Solvay Work?. (German Patent, 174,128, of nth January 1905) add 
soluble vanadium com|)Oimds - all of which processes raise the current yield of chlorate. 

The slight evolution of ddorine at the beginning of the clcclrolvsis may he avoided by adding 
KOII to the liath, a process, however, which dnnimshcs the yield fioiu the current employed. 
Belter yields are ohtaine<l In keeping the electrolite slightly ai’itl, "hen the fiee hypochlorous acid 
formed pioiiiotes the formation of rlilorale according t<i the e<|U.ilioii 

Koci i -Mioci - KCio, i 2nn. 

I'he cuiieni neeiled for pioilucing one grain-molecule (122 5 g.) 

KCIO; 6('l — - iC,| jiiiperes iier hour 

A curieitt (>f I auipeu- in twenty-four hours can \ield iS 3 g. KCh 

The manufacture of sodium chlorate, NaClO,, from salt (NaCH) is carried out 
just as the manufacture of KC'10;t from R(‘l. hut owing to the great solubility of 



Sci loii ilirough the Cell. .Sei ti ui thiougli 

Kl.-diode. ‘ 

Pk;. 2 —L.driliii Corlu'1 l'',lecli'oI\tic Cell toi Chlorate. 


NaCIO., ill water a complete scpirution ol' llic NaClO. from tlie NaCi is only- 
attained by repeated recr)stalli'iation. 

Manufacture of Perchlorates. —W’lien the percentage of so Hum chloride 
in the electrolytic bath f.ills below 5 per cent, perchlorate, NaClO^ is formed, 
together with chlorate, NaCK).,; 

NaCl ■- N.it'lii, + 4II,, 

N,il.'l I 3ll.]n \.iClo, I 311,. 

If the tem|)eralure is ke|>t low and the current den-.ity situll all the chlorate will 
disappear, being converted into perchlorate 

N.i('U), I Il.o N.iClO, 4 II,. 

With 10 per cent. NaCl or more in solution perchlorate is not formed in'notieeahle 
quantities, and also peri'hlorate I’s not formed in hot baths. The conditions of 
formation of perchlorate from chlorides, therefore, are dilute solutions of ehlonde, 
low temperatures, and low current densities. However, in the manufacture of 
perchlorates, usually they are not obtained directly from chloride soluiions, but 
the chloride is converted first into chlorate, and then the chlorate so obtained is. 
electrolysed into perchlorate. 
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Winttler (tV/m/Xr?' /c/V., 189S, 89) has wDrkcd nul in detail the best ennditions. Assuming 
that the solution only contains chlorates, he finds that these conditions are (1) A low temperature 
at anode. (2) an acid solution at anode, (3) current density, 8-12 amperes per sijuare metre, (4) high 
concentration of the electrolyte, (5) artificial cooling of the electrodes. 

hederlin (German Patent, 136,678, of 1901) adds hichromate to the electrolyte (la'sl hy adding 
chromate add then at periotlic intervals runtiing in some free IICl). He claims that this procedure 
greatly increases the yield of ])erchlorate. Wilson (German Patent, 143,347, of 1902) advises the 
presence of a little free chlorine in the hath. 

('ouleru (Chan. Zeil., 1906, 30, 213) states that the electrolysis of the NaCl 
solution is rontinued until a .solution containing some 750 g. per litre of sodium 
chlorate, NadlO^, is obtained—thereby saving the expense of concentrating the 
liquid. A crude sodtum chlorate is deposited from this solution, which is then 
rediss lived in water, and so a solution containing practically only chlorate is 
obtained, the (iresencc of chloride or hypochlorite being injurious. This chlorate 
solution is then electrolysed for perchlorate, using [ilatinum anodes and iron 
cathodes, the electrolysis being carried out in as concentrated a solution of 
chlorate as possible. 

.Any alkali formed is neutralised, and the bath is kept between 8° and 10” C., 
a temperature over 25” ( 1 . being very injurious indeed. The temperature is kept 
low either by means of cooling coils inserted in the bath, or else the electrodes are 
themselves cooled internally, special refrigerating machines being used for the 
purpose. 

The current density, and also the addition of various substances to the electrolyte, 
does not effect to any great degree the yield, which amounts to 85 per cent, of 
theoretical. The electrolysis should be continued until all the chlorate is converted 
into sodium perchlorate, which, being very soluble in water, does not crystallise out. 
Sodium perchlorate, moreover, is hygroscopic, and so is quite unsuitable for the 
manufacture of explosives and fireworks. It is therefore never isolated as such, 
but is always directly converted into the more convenient and non-hygroscopic 
potassium perchlorate, KCIO.,, or ammonium perchlorate, NH^CIO^, by 
adding to the content sodium perchlorate solution excess of K(il or ammonium 
salts (yNHjCl or NH^NO.,), and crystallising out. 

K(llO| is only sp.iriugly soluble in cold water, 1,000 c.c. cold water merely 
taking up 15 g. KCIO,, and hot water some 180-225 g., .so that it is very easily 
separau'd by crystallisation from NaCI, which is much more soluble in cold water. 
1,000 c.c. cold water dissolves 250 g. ammonium perchlorate, and so the ammonium 
perchlorate is somewhat more difficult to free from NaCl by crystalli.sation; how¬ 
ever, as the solubility of the ammonium salt rapidly increases with the temperature, 
in practice not much difficulty is experienced in preparing pure ammonium 
perchlorate. 

TIk crude salts which crystallise out are washed with a little water, and are 
obtained e»;ily 99 per cent. pure. They are dried with steam, or hot air, at a 
temperature below 100° C. 

In II wvt si.itc the sutKl.incvs lire not in any way ilangeroiis; when dry, however, and mixed 
with oxidisahle organic maticr, they may sel up dangerous explosive comtmstion, and accidents have 
occurred owing to workmen’s clothing becoming impregnated with the liquors, which have tiien dried. 

Considerable amounts of perchlorates are manufactured for explosive.s, per¬ 
chlorates being better adapted for this purpose than chlorates, both on account 
of their greater stability and their higher percentage of oxygen. 

Airalysis.—The amount of perchloric acid is not cstiiiialile by ritralion, as the contained oxygen 
is not active. The ainoiint of metal in the salt is, thereibre, oblaincd in tiie usual gravimetric 
manner, and so the .iinoiint of perchlor.ile is calculated from this.* 
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SECTION XXXIX 

BLEACHING POWDER AND 
HYPOCHLORITES 

U\ CIkoH'Kf.v Maktin, I’li.l)., D.Sc. 

UTERAI'URIC 

I.UNf.l''. “ Sulphuric Acitl and Alkali.” 1913. 

Knuki.ii \ki*i.—” llypDchluiitc uml Elckliischc Hlciclic.” 1903. 

BLEACHING I’OWDER 

Whkn moderately dry' slaked lime is treated with chlorine in the cold, it 
absorbs some 35-36 per cent, of chlorine to form a dry white powder, which 
possesses stronii bleaching and disinfecting properties, and is known as “ bleaching 
powder” or “chloride of lime.” These properties arise from its power of giving 
off the absorbed chlorine again when treated with acids. Although commercial 
bleaching powder usually contains only 35 36 per cent, “available” chlorine, yet, 
if the temperature of the lime be kept lietween 30“ (1. and 40" C., a bleaching 
powder containing some 40 per cent, of available chlorine may be obtained. Under 
very s|)ecial circumstances lime has been known to take up as much as 43.5 
per ci'iit. of “available” chlorine. The actual amount of available chlorine 
in bleaching powder deiK'iids greatly on the mode of manufacture, its age, etc. 


The following .ire Ivpic.il analyses of guoil hlcarhing powder:— 

I’cr ( ent. Per ( ent. 

Avtulahlf thhyyhh- • - i Alumina - - 0-3-0.4 

Chlorine a\ chloruli'■ 0.32-(j.6o Maui^anese oxiiie ir.icc 

('hlonne ai chlonifr - 0.08-0.26 Caihonh. add - 0.2-0.5 

lune - - 43.5-44.5 Silua - - 0-3*0.5 

Moi^nfda - 0.3-0.4 Water and Jo's 16.3-17.0 

I-eivu oxide - - • O.02-O.05 


Lunge ai?<l Schappe a bleaching powder with jierfoiTly pure lime so as to obtain the 
greatest altooiptiun possiljle of chlorine. The sample contained: — 



Pet (’cut. 

AvailahU (hloy inf 

4 .vLI 

Clilorinf as chfoi ide 

0.29 

Lime .... 

,39.811 

CO, 

0.42 

H.X) (direct estimation) - 

17. CO 


100.73 


In 1785 C. L. Berlhoilet, in Paris, discc>vcred the bleaching action of “Javel water,” produced 
by the action of chlorine on potash. Watt brought the news to Glasgow, and in 1798 ('harles 
Tennant patented a proccs.s for use of cheaper lime instead^ of potash, this patent being sub¬ 
sequent!^'declared \<>id because lime had l>een used for the same purpo.se in Lan^ishire for some 
years prior to Tennant’s patent. It was therefore only natural that the action of the chlorine in the 

’ Perfectly dry slaked lime, (.a(01l)2, is not acted on at all by chlorine. For the Iiest results 
the lime .should contain .some 4 per cent, of excess water over that required for the formula 
Ca(0H).2, and the lime should l>e as pure as possible. 
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(:h{()II)» was thoojjhl t<* \k’ similar in nature lu tliat wliich occurs when chlorine is led into 
cold KOn or NaOH solutions, when jmtassiiim or so<liuni hypochh►rites (KCIO or NaClO) arc 
fonnerl, and so bleaching jiowder w.is at first th('ughl to l>e merely a mixture of CaCLand calcium 
hypochlorite, Ca(('l())j.. produced thus: - 

2Ch( 0II). + 2CI, - <'a(a0)2 + (aCL i- 2ILO. 

Calcium Cali'iuiii 
hyp(x:lilorite. < hlundr. 

Hovvfvir, It seems practically certain that ordinary dry bleaching ptiwder docs not contain calcium 
hypochloiite, Cn{i']())^ as such, and the exact coiistitnlion of dry bleaching powder or “chloride of 
lime” IS still a matter ol dispute. Balard gave it the formula (alOCO^-f'af'b fCa(()n)o; while 
SlaldsrIuuKll proposed the formula ( afOt'l|(( )H).(:a(\2ll./). However, the formula now ni.»st 
fav.mrahh received is that suggested in 1S61 by W. (Idling, who assumed that the csscnii.il 
comjKmcul ol bleaching powder was the comjKuind Cl - ('a—()('I, w hich is mixed with imcomhini’d 
liin<\ Ca(()H)._.. 

('ominerci.d bleaching povik'r is best represented by such a formula as Ca( 0 ( 'l)Cl +//.Ca(()lll^., 
where /i =iicarlv that is to say, 2Ca{()(Jl)Cl i <':i(()H). 

'I’he formation of tlie eoinponnd t'l—Ca —OCl could be reganleil as due to tbe neutralisation of 
lime bv a moleiule of each of the uioiiolusic .icuK foriiie<l 1»\ the acium of chlorine on moisture 
piesent in the iinie, thus : 

^011 llOCl .OCl 
C’a'"^ t = Ca 1 2II..O. 

N)II IlCl 'm '1 


It IS Very probable that <) llmg's formula i«; correct. ,ind that clry bleaching ]>o\vder does not c«mtam 
any caliium ddorule as re|uesented hv ftalard's .ind Slahlsc]inn<ll's formiil.e. I*ir the following 
leasons (l) 'I'he chloiine can Ik- compli-tely expellci! from hlearhuig jiowder by moist CtDj al 
70 " (*.. where.as CaCI.. is not so decomp^-sihlc. ( 2 ) Good hle.uhuig powder is not deli(|ucsccnt. as 
It would he if C.iCI.) as such was present in it ; also {^iCl_. is readily soluble m alcohol, whercis 
alcohol exir.u'ts very little C'aCb from bleaching jiovvdcr. ( 3 ) bleaching powder cannot he made 
to lake u]) moie than 43.5 per cent, of Cl. 

Alth()Uf>li ordinary tilcaching powder is regarded as not eonlaining caleiuin 
liypot hloritc, (■a(()CI).„ at, such, Inil rather the compound CI-('a-(.)-ri, yet tins 
only applies to lirv hleachmg powder. As soon as the hlearhing powder is thrown 
into excess of cold water it is decomposed thus 

.'(■.|( 0 ('I)CI - CatOCl); -i- Cin. 

I'•teal.lulll; (.il<iiim l.-»l«iuin 

powticr hypoi hliuitc. thlooilt 

'riic r.ilcium liypnrhloriU', .siitl tiilt "ini rliloiiiU- pass iiiln snltilinn. wliilsl the uni'liangcd 

I'alciuin livdiusulf Inrnis an insn!iil>U' l.iv« r al tin* latlliaii, llu* suliuion possessiiif^ .in intensely 
. 1 lk. 1 l I lie re.ietiiin i iw iliij In llie |ii'esciii e ii! suiiie ilissoli isl C.i( 0 H )j, wliieli, i if i nurse, is a slrnnji 
i..ise. Il li.ls U-eli suj;i;esleil tll.il linlrnlysis t.ikes pl.n e, ihlls ;— 

(■.i((>ri)., 4 ll.O = r.l(OII)., s llOCI. 

The piactical application of bleaching powder depends upon the fact that when 
excess ol acid is added to the solution, practically all the chlorine is cvolvable 
as Ircc chlorine, thus:— 

CafCKlh + I ll,..‘^04 = aCaSO^ + allJ) I 4CI. 

CafClOP 1- C.ifl. 1 allCI - al'aCK I all./J + 4CI. 


It IS piiili.ilite lliat l!ie lilier.rlion rif ehtnrine liy aeiils is due lirsl to the fonn.ilioii of hypochlorous 
.11 ill. IIDCI, tlins:— 


(.•a(0('ll('l + IICI = llOCI i Caf'L 


Tile liyi>iii'h 1 orous 
ehlorine. thus: 


ami fornieii is very uiistalite and decomposes will] exe'css of acid liberating 

IKK'l + Iin - Cl.. + 11 .'». 


Very dilute acid .added 10 lileaching powder liiieiates livpuchlorous acid, lIOCl, alone. 

It is the amount of chl(,'rine thus set free, the “available chlorine” as it is 
called, whidii determines the technical value for bleaching purposes. 

In bleaching with bleaching powder or with sodium or potassium hypochlorite, 
the fabric is steeped in a dilute atiueous solution of the bleaching agent, and then 
in dilute acid. Hypqchlorous acid, HCIO, is liberated as above described, and 
then free chlorine. The chlorine acts on -the moisture of the wet fibre, liberating 
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nascent oxygen (H ._,0 + CL = 2HCI + O) which oxidises the colouring matter of the 
fibre into a colourless oxidation product, and so “bleaches” the fibre. 

Treating with arid in this manner causes a rapid and energetic bleaching action 
to take place. However, treating the fabric with a dilute ai|ueous solution of 
bleaching powder causes a moderate and even bleaching action, which is accelerated 
by the action of atmospheric CO ,. 

t he UeacliniK ariinn of IniwclilnM.us acid is generally stated lo lie twice tliat of tlie chlorine 
it c.mtams, supposing lliat this latter wcie to he in .i fiee stale, as niiiy I* seen fioni the two 

Cl., I II..O = Clici + O; 2ll()Cl ^ 2IICI + 20. 

However, as seen Iroin the ei|iialiiin rc|iresenling the inniiuliicture of hleacinng |iowdei or 
hyp ,chlorites(i-v., 2i:a((>llb+4CI = ('a(CI()|,, I t:.iCL+all./). aKdII t 2CI- KOCI t KCl 1 ICO), 
since two atoms of chlorine are reipiired to form one niolecille ol lUtCl (since ,in eijnivalent of 
iiCI IS formed at the same time), this advantage appears practically lo lie soinewh.al illusionary. 

Manufacture of Bleaching Powder. —For the uiunufaeture of good quality 
bleaching powder the lime must be carefully slaked so as to form ti dry powder, 
containing about 4 jter cent, more water than corresiionds to the formula ('a(OH).„ 
I'erfect dry lime does not absorb chlorine <it all. The lime should be as pure 
its iiossible, and is jtassed tbrougb a sieve before use. The chlorine gas should be 
cool and dry, and carefully freed from HCl; it should not contain much CO^. 
The ])resence of a little ( 10 , in electrolytic or Weldon chlorine (which is very 
concentrated) does not matter, because CO._, acts on the (.,a{() 1 1 much more 
slowly than the chlorine, (ienerally speaking, 64 p.arts of slaked lime yield 
too itarts of },(> per cent. l)le.iching powder. 

For the m.tnufacttire of bleaching p iwder two kinds of technical chlorine are 
available— (i I The very concentrated Weldon or electrolytic chlortne, which 'irts 
rapidly and energetically on the lime. (2) The very dilute l)e,acon’s chlorine, which 
.acts less energetically, Fntirely different plants are used with these two kinds for 
chlori'.e, and we will describe each se|iarately. 

I. Manufacture of Bleaching Powder from Concentrated Weldon 
or Electrolytic Chlorine. — I he lime is spread In 3 or 4 in. layers on the floor 
of a l.arge ‘‘chlorine citamher,'’ some 6 or 7 ft. high, 10-20 ft. wide, and too ft. long. 
The walls are made out of tarred or asjihalted .sandstone slabs (.asphalt being very 
resistant towards chlorine); in modern [iractice, however, the to[) and sides are 
made of sheet le.ad fastened by straps on timber work, like vitriol chambers. The 
entrance is covered over with ttsjjhalted iron plates. The layer of chlorine is raked 
into furrows in order to exjtttse a larger surface, and a stream of chlorine is led into 
the chamber from one of the ends of the chamber; an oitening in the other end 
of the chamber allows the air to escape. Two windows allow the interior to be 
viewed and the flow of chlorine to be turned off as soon as the chtimber is full. 
Tie; outlet i.t also clo.sed when the chamber is filled with chlorine. The chlorine 
entiTs through a |)ipe |)laced at one end near the roof of the chamber; being a 
heavy gas it sinks downw.ards, and is at first rapidly absorbed by the lime ; later the 
absorption becomes slow and the temperature rises, but great care must be taken 
that this latter never exceeds 25“ C. (ireat excess of chlorine should also be 
avoided, and so usually a definite amount of chlorine is let into the chamber; the 
chamber is closed and allowed to stand some twi‘lve to twenty-four hours. In 
order to expose a fresh surface the lime is turned over from time to time, hinally, 
before allowing workmen to enter the ehamber and remove the bleaching powder, 
the last residues of chlorine must he sucked out, either by passing in a stream of 
air, or simply by injecting some finely powdered Ikiie dust (Knglish I’atent, 7,199, 
1.S86; cf. “Twenty-third Report on .\lkali, etc., Wofks,” 5.8-60), whifh .absorbs 
most of the chlorine. 

.'\ cli.iinlivr m.iking to lutiv of IiIl-.k lung p,iwder anil i nnlaining fair excess of rllliirine leipiircs 
Mime 4 5 evl't. Ilf lime dust Iilnwil in tlimugli a special fan iir ilislrlblltnr. t ills reduces tile Cl in 
(he chaniliers l-i aliiiuT O..S gr. per cutiic foi.it, producing 6 ewl. of extw lile.iehmg powder, and 
requiring iilioiit two hours to settle. Before allowing workmen fo enter, tile air of the clianiliers 
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(winch should he te^te(l hy the works’ chemist) .sliouhl not contain moic than 2^ gr. of Cl per 
cul>ic foot, lileaching p«>w(U*r chamhors slmiihl have alxjut 200 scj. ft. of chamber sjxice per ton 
of Ideaching ixiwdci made per week (sec “Twenty-first Report on Alkali, etc., Works/’ p. I2» 
for rules). 

The l)Ieaching powder is then packed into very well-made wooden, casks (but 
of hard wood) for transport and storage. 

'Fhe ends are coaled with plaster of Paris to prevent access of an, which soon spoiU the pow<ler; 
the full casks nm-Nl he sti»red in a cool, dry place, ixith ram and simsliine d.iinagiiig the material. 



The yield of bleaching powder is usually times the weight of the slaked 
lime. 

« 

Since ih? raking o\ct and indeed entry of tlie chlorine chambers h\ woikmen is very injurious 
fir the health, and has often been attemled hy fatal accidents, many devices have been proposed and 
adopteil fi>r minimising the risks. In sinne forms of apparatus the lime is laid on |)crforatcd shelves 
of the chlorine chanilicis, and the raking of the half-timshed bleaching |x>wder is entirely worked 
from outside by mechinical appliances. These plants do not seem, however, to have been very 
successful. 
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Manufacture of Bleaching Powder from Dilute Deacon Chlorine. 

—^The diluted chlorine evolved from the Deacon process is not suitable for making 
a good bleaching powder from the chamber process above described, and so an 
entirely different sort of apparatus is usually employed, being known, from the 
name of its inventor, as “Hasenclever’s Cylinder Apparatus” (English Patent, 
17,012, 1888). It is illustrated in log. i. 

The apparatus consists of six or eight cast-iion cylinders, lying vertically’one' 
above the other, of length some 12-20 ft., each provided with a feeding worm w, 
which is kept revolving slowly by means of the cog-wheels z. The slaked lime 
IS poured in at a into the topmost cylinder, and is gradually moved downwards, 
as indicated by the arrows, from cylinder to cylinder until it finally escapes from 
the bottom cylinder at B. Meanwhile the Deacon chlorine, freed as much as 
possible from H(’l and CO^, is passed at c into the bottom cylinder, and streams 
along in a direction opposite to that of the moving slaked lime, finally escaping 
at the topmost cylinder by the pipe o. The chlorine is all absorbed by the lime, 
and there e.scapes at o a practically chlorine-free gas. The bleaching powder is 
let out from B from time to time into a wooden cask situated below. Since chlorine 
gas might attack the iron work of the spur wheels, the latter are painted with IlaSO, 
(Plane fixe). Each of the cylinders is provided with a number of lids K,it, which 
can be removed when the apparatus becomes blocked up, or when some other 
disturbance necessitates the interior of the cylinders being investigated. 

By this aiiparatus no danger results to the workmen (as in the chamber process), 
because they do not come into contact either with the lime, dust 01 with the 
chlorine fumes. The resulting bleaching powder contains about 36 per cent, of 
available chlorine. 

Till' a|>}t.i(aUis taniml In- ii-.i.'il for thi- iii>>iluilu*n <>( jmudfi fumi ftinconlniti'ti 

chl(>niK% Midi .IS fi'iucii iittiu tin Wcldt'ii <>i eknirol)lie bo(Mu>c' ihf liiiif wnuld lie.ii 

up l"i» (|uifUly. 

Deacon’s Apparatus consists of chambers provided with large numbers of 
shelve.^; the lime is spread in i-in. layers on these shelves, and the chlorine 
allov'’d to circulate over them in such a manner tliat the strongest ('I ('omes into 
contact with nearly finished bleaching powder, and the last gas, contJiining only 
traces oJ Cl, is passed into fresh lime. 

Manufacture of Pure Calcium Hypochlorite. --Pure calcium hypo^ 
chlorite, ('a(ClC))o, has recently been manufactured by the (Iriesheim-Lilektron 
Company (German Patent, i8S,524, of 27th April 1906) by slow'ly passing chlorine 
gas into a cold aqueous milk of lime, filtering the licjuid, and evaporating the still 
alkaline liquid in vacuum when colourless crystals of Ca(ClO).) separate. 'I’hese 
are washed and dried in phcho when a dry white powder, free from moisture 
and water oT crystallisation, is obtained in which no less than 80-90 per cent, of 
the chlorine present is in the form of available chlorine. It is claimed that tliis 
kind of bleaching powder is more stai)le and keeps better than that obtained by 
usual methods. 'I'hc crystals, if not rapidly deprived of water, lose much chlorine. 

According to another patent taken out l)y the same firm (German Patent, 195,896, of lolh March 
1907} if the chlorination l»e curried out vsith a concentrateil solution of slaked lime, so that the 
specific gravity of ihc filtered wUilion excecils 1.15, then we get pienpilates of doulile comjvmnds 
of lime and calcium hypochlorite, of composition Ca{0(?lb2C'a(0H)o and ('a{CIO)o.4Ca(OII)2. 
These insoluble sulistances require a considerable volume of water to split them up and withhold 
from effective use a considerable amount tif available chlorine, causing much of tlie milkincss in 
the ordinary solutions of lilcaching powders. However, if the passage of chlorine into the liquid 
is continued these compounds are giadually attacked, the CMOHk taking up chlorine and lieing 
cunvcrtctl into Ca(C 10 ).j, Hence, in order to prepare very sirotig solutions, we must first of all 
add to a chlorinated slaked lime solution a weighctl quanrit) of slakeil lime, when a precipitate 
occurs of the alxive com|«*unds; then chlorine gas is p.isse(i in until the precipitates are dissolved 
again by the complete chlorination of the lime. By repeating the addition of lime and leading 
in chlorine again, it is jiossilile l‘) obtain calcium hyptichlorite solutions of almost any strength 
until the pure Ca(GCl).j crystals Ijcgin to separate. Tlie presence of ('aGl-j vdulions favours the 
crystallisation. 
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Valuation of Bleaching Powder. —For typical analyses of bleaching powder 
see p. 391, lilcachmg ])owder is a very unstable substance. It is decomposed by 
atmospheric moisture, the carbon dioxide of the air acting as a feeble acid as above 
indicated (p. 392). It even decomposes slowly when kept in a well-stoppered bottle. 
The los-. of available chlorine on storage in a cool, dark place (whefe it is at a 
minimum) amounts to J per cent, to 1 per cent, per month. In sunlight the loss is 
much more rapid than tliis, and is attended with the evolution of oxygen. The 
solution IS much more unstable th.in the dry solid, derom[)osing on warming 
in two dilTerent directions, as rc])resented by the two eijiiations:— 

,;('a((:K)), -- CitClUj),, f aC.iCl,; Oi(ClO). = C.iCb -I 2O. 

It is, of course, very im]K)rtant to determine the amount of ‘‘available” 
chlorine present in a sample of bleaching powder. 

This is done as follows : - 

A weighed (uniiiiiy of |niw.kT i, ih tmuolily gioiiml willi w.ilcr .and made U|> to a 

miaoued oilume In dilmioll willi waler. Thl-. viluliim is then lilraled In addinj; excess ol Ki 
solinii.ii. On adding .icelir .u id. rhloniie is lilicrated from I lie hleaidiiiig juiudcr, wliuli sets flee its 
I'lliiis.ilciil Ilf Iodine (t'lj-! alxi ■ 2KCIa-1.,), nlii'li liun-i is llieii lilraled in the Usual way with 

vlart ii an<i socliuiii iliiKsiiljili.iR’. liOOf) f.c. nf sikIuiu) tlini'siil|j)iaK' U'-cl up torrcspoiiH In .55.51;. 
n| chlnunc prest-iit. 

.•Snnilitr iiiiihtMl IS to iiir.ili* iho Mc.uliiri” piudi-i soUuinn wiih dot iiv irm.il sodimn eirsi-niii* 
vtil\jii(»n, llir i-iid t»f the UMclmn hein}; dcicrmincd 1 »\ iiu-.ins nf start li, .\n<l K I used as an oulsidt* 
nidic.il'tr. Wiu-n tin.* tUriUi"n is oimulcie .1 «lr"|> of llic lujiud, riin<ivc(l and placet! on jiaper 
i III prt‘t;i tall •! \vM li slaicli aivl K1, uill no lont^fi };i\ e a liliu st.iin. I'hc .iinoiint td soil in in ai senile 
•siiliitmii iisfil np IS lelaletl lit {!u .iinoiinl of lile.ielnn^ jMvvdi 1 lo i)k tiilliiwuii; etpuiiion ; — 
C.i(<K'I)(;l 1 - N.i.Asd, -I t'atl,^. 

In tiihi I \\tini's, i.ooo e i. nf ^ '''diuiii .list rule soluHnn tisetl up rmu -■ptiiiti i(i Jv ^ 1^'. ii| .ivailalile 
< liloiiuc. 

In some works, especially in tlermany, bleaching liquids .are obtained on the 
spot as required, by [lassing chlorine gas (evolved from liquid chlorine in steel 
cylinders) ilireetly into milk of lime. .Sometimes a solution of bleaching powiliT 
is treated with solutions of sodium, magnesium, or aluminium sulphates, when 
strong bleaching solutions of sodium hvpochlorite, magnesium hyporhlorile, or 
ahiiiimmm hypoelilorite are obtained. These solutions bleach m alkaline solution 
somewhat more rapidly than bleaching jiowder (calcium hypochlorite) .solution, hut 
they cannot he obtained in the solid form (see, however, p. 395). 

Use of Bleaching Powder as a Disinfectant. solution of bleaching 
powder is a very valualile disinfectant. One part of hle.iching powder will, in 
three hours, sterilise 2,000 jiarts of ordinary sewage. 

I'.li'i trolysi'd tiriiic (see p. 402) lias lieeu iixed as ,1 dixinfecling fUiid. Il is cliuiued that it is 
rlieiijiei (even if jirodueed liy the loc.d aulhnnli) iiild umre efteetive than iiiosl nlher Riateiials. 

Electrolytic Bleaching. When an eleetric current is passed through a 
solution of common salt without the intervention of a di.iphragm, so that the liquids 
around the cathode and the anode are free to mix, we do not get chlorine gas 
evolved as such, hut rather a solution of sodium hypochlorite is produced by the 
interaeiion of the tuseent chlorine evolved at the anode and the caustic soda 
Iiiodnced at the cathode, thus:— 

jN.iOII -I 2(1 :<.x('t I- NaOCl | 

This solulion may then be rim off immediately and used for bleaching purposes. 

Within the last twenty yea|;s this method lias largely dis[)laced the use of 
bleaching powder in eertain.works, and the process is said to be rapidly extending, 
■fhe process was first brought to a commercially Successful issue by Hermite and 
Kellner, and on the Continent the plants most in use are those of Schuckert, 
Kellner, and Ottel. 

It IS usual to eleclrolyse a to per rent, neutral salt solution, keeping the liquid 
cool by special arrangements. ’I'lic best electrodes to use are platinum-iridium 
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(since hypochlorites attack most other substances rapidly), and for success it is 
essential that the electric current “ density ” should be about 1,000-r,500 amperes 
per square metre electrode surface. At first a yield of hypochlorite of over 90 per 
cent, is obtainable by the electric current employed, but this soon sinks (on account 
of the reducing action of the evolved hydrogen at the cathode) until it becomes 
impossible, without the e.vpenditure of very large amounts of electrical energy, to 
obtain solutions containing more than 3 ))er cent, of available chlorine. With low 
current densities much of the hypochlorite is reduced by the nascent hydrogen 
evolved at the cathode to chloride, NaClO + ali = NaCl + H .O, whilst at the anode 
the NaClO tends to oxidise to NaClO., (see p. 386). Much better yields are 
obtained when some CaCI, is added to the solution, and when concentrated NaCl 
solutions are used. For example, a 20 per cent. Na( 1 solution can yield a li(|uid 
containing 3 per cent, available chlorine, with a yield of 50 per cent, of that 
theoretically obtainable from the current employed, whereas a to per cent. NaCI 
solution, with the same expenditure of current, will only give a liquid containing 
2 per cent, available chlorine. However, the concentrated NaCl solutions use up 



more NaCl than the more dilute, and in practice it seems to he more economn al 
to employ 10 per cent, solutions rather than more concentrated ones. Moreover, 
careful <-oohng of the liquid must be resorted to, otherwise a great loss of hypo- 
chloiite lesults owing to its conversion into chlorate (see p. 386). 

Til. sulijei-lsof lilt- (oiniition .mil jiuseiv.uion of h}|>nchl'nili-s in soliiiiitn was jUaLteii liy 
lUiispralt anil Sinitli in iSqS .and ll■l)<l. liy passing clili'irilie into the slroiigesl pussil.le si.liilion 
of N..OH. tlu-\ olil.uiusl neeiile-shapist I'lysIaKi.l tile foiimiia NaClO.fit I., 11 . They showed lhal 
in order to olil.iin ii tnghiv roncenfi.iled sotiition of h\jioehlorile the leniper.tlure iniisl not exceed 
27^ C. and alkali nnisl i,e .ilw.iis present in e\i ess. and he so concentrated lhal any NaCl lonned 
is precipitated (N.iCl and KCI aie very insoluhle to loncetilralcd NaOIl or KOlt solutions, see 
p. .) 78 ). They showed that solutions containing more than 35 g aradahle chlorine pel lOO e.c. 
will not keep. The presence ol non s.iUs causes the decoiii|)osilion of conceiitialed hypochlorite 
solutions, attended In the cMilulloii of oxygen and the furmation of soluhle sodium ferrate; til 
geneial, other salts did nol cause this oxygen solution. 

Other W'Olkers who have investigated the suhject aic I'orster and June, I.tinge and Landoll 
(see/wr/«. Piar/. L'hrm., 2, 59, 53; 63, 141): .liid .Sunder tltnll. Sue. hid., Miilh.iuse, 72, 253), 
who claims that the decompostiioti of sodium hypochlorite .solutions, which is occ.isionally met with 
when a solution of hle.iching powder is tleeomposeii with soitniiii garhonate. is ihie to the presence 
of sodium hicarlionate a. an impurity. 5 jwr cent, ol hicarbonate sutficing to coiiqilelelw decoiniHi.se 
a solution of N.iOCl in the couise ol Iwenty-loiir hours in a manner nol yet undei'tood ; in ordei 
to obviate this detomposing action it 0 necessary that some flee Nat )ll solution should he present. 

We will now briefly describe some of the more successful,apparatus in use fur 
producing electrfilytic bleaching liquids. 
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Kellner’s Process. —'I’his is one of the oldest and most successful processes 
(see (lerman Patents, 99,X8o, 1894, and 104,442, 1896). The electrodes consist 
of glass or non (.ondurting plates covered over with wire, bands or strips of platinum- 
indium alloy. A nonconducting ]ilate A (Fig. 2) of glass or similar material 
has its surface penetrated by numerous holes, a,a,a,a, through which fine platinum- 
iridium wire IS dniwn so that the surface of the plate looks as if it were covered 
with a wire network. The holes are then carefully cemented up with non- 
condiKting material. In some forms of the app.aratus the glass plates are simply 
wound round with platinum wire. 

The plates so formed are jilaccd vertically in a stoneware or gltess trough, side 
by side, as shown in Fig. 2, only a narrow space being left between the successive 
[ilates. These plates slide into vertical grooves in the sides of the trough, so as to 
divide the cell into a number of compartments. 'I'lie whole apparatus is filled 
with NaCl solution, and an electric current is led through the litpiid by means of 
two ((inducting plates l'.,ii, placed at the evtreme ends of the apparatus. Fig. 3 
.shows a modern form of this electrolytic cell. The brine enters through two inlets 
ii.a [ilared at the bottom of the vessel, and flows up between the wire-covered 



l.oii;:Uui.1inal '^ule \ if«. |lipi)l.ii tlccirudes. 


Fii;. 3.—Modern I'orm of Kellner's Kleclmlylic <V 1 I. 

plates which form the electrodes, escajiing through the slits .s,s in the walls 

,of the trough. F.,K are the iwo terminal electrodic plates where the current enters 
and leaves the apparatus. The brine flowing up from the bottom of the cell from 
a,a between the wire-covered plates ii,(;,o,o is subjected to the action of an electric 
current flowing between each pair of plates, tind thus a considerable amount of 
hypochlorite is produced. The brine used is usually 10 jier cent. Na(3 solution, 
and the drop in the voltage between each two successive plates of the apparatus 
is usually some 5-6 volts; in the apparatus just illustrated (in which there are 
twenty cells) the potential difference between the end electrodes e,k is usually 
nbout I to volts, with a current of 120 amperes. One of the intermediate wire- 
covered plates of the apparatus re()uires some 150 m. of platinum-iridium wire of 
o. I mm. diameter, or 75 m. oh each side of the plate. 

It r.an Itv sliiiwn tlwt this use uf tliin wire gives (in extraordinary fiigh current density. E.x-, if 
wc lisvuiue that onlv h.tff liie surface of the wire is effective (vi/.. that facing tfie opjiosite efectrode 
of a cell), and neglecting the parts of wire in tile grooves and other non-effective [laits of the plates, 
we will see that the effective surface carrying the current of 120 amperes is only 0.1177 S9- a)*, 
giving a density of 10^200 amperes per si[uare metre. 'I'liis high current density is an essential 
eiindition for success in producing hypochlorites. 
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The method of using this electrolytic cell, (.g., for bleaching purposes in the 
textile industry, is indicated in Figs. 4 and 5, which gives the plant of Sitnmis and 
Hahke. s is a chamher filled with salt through which a stream of water trickles. 
'J'he brine solution thus obtained flows out at the bottom of the salt holder, through 



a filter cloth, and then through a leaden pipe into a tank M, where it is 
mixed with water in any rctiuired volume in order to bring the biine solution 
up t(' its correct strength for use. From M mixed brine is let down into the 
storage reservoir N. Hy means of a tap K it is from time to time allowed to 
fill a tank e, which contains a cooling worm of hard lead (so that the brine in P 



l-'ic. 5.—Sienien’s anrl IJalske’s Apparatus for-l'-lcctrulytic Itlvaching. 


can be kept at as low a temperature as is convenient). Just above P is fixed 
the electrolytic cell p, which we have just described. 'J’hrough the electrolytic 
cell K the centrifugal pump (Mg. 5) sucks the brine along (he pipe b and then 
forces it through the pipe i (the tap c being turned so as to shut off the pipe d,d) 
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into the bottom of the electrolyser E, where it rises up between the wire-covered 
plates; and, after being subjected to the action of the electric current, flows 
out of the apparatus through the slits s in the sides, the liquid falling back again 
into the tank i>. The circulation of brine through the electrolyser k is maintained 
until the pro[)er percentage of active chlorine is attained, when tl.e tap c is 
turned so as to cut off 2 and the electrolyser e, at the same time opening com¬ 
munication between the pi{»es i),t> and /'• 1 he pump then forces the active 



l.on^iitiiiinal Sft tb>ri 


I'M.. 6 -Ila.isand (HuTsCiIl foi l lecltohlu UUmcIuiii^ 

brine out of the tank I', up through n into the storage tank 4 where it is lun 
oil, as required, for bleaching ptiiposes. 

A Lc.lisuieraltic niuiiliei ut ruins in itu- |>.i|>i-i li.illi anil testile iniliisiri Use this pKuil, f-jn-clally 
III (lei uiiili). 

Haas and Ottel’s a[)paiatus (see the (ierman Patents, 101,21)6, of 17th May 
i,Sc)6, and 114,730, of 3rd February rpoo) consists ol two larthenwarc \essels, one 
a large one f,?' and the otlu-r a smaller one 22,11, placed within thi' laige \essi I jusi 
below the level of the brine which fills the large vessel. The smaller intcnoi vessel 
a,t2 has a number of wire electiodes, as m tbe previous .system, stretched over a 
number of \ertical plates, (ycye .show these electrodes, which are sepaiated Inan 
the base of the vessel and the top by nonconducting supports, /',A iqA aie 



the two terminal electrodes through whic'h the i:tirrent flows, between eac h com¬ 
partment of the interior ressel a',cz is a small hole /, which maintains communication 
between the brine in the outer vessel 7’,?' and that in the interior vessel. The action 
is as follows: -The current, entering at c, and emerging at ca, flows through the 
successive electrolytic compartments of the interior vessel, and the hrine is 
electrolysed. Partly owing to the rise of temperature produced by the passage of 
the electric (urrent'through the liipiid, and partly owing to the rise of hydri gen 
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bubbles, the brine inside the successive compartments of the interior vessel becomes 
specifically lighter than the brine in the exterior vessel, and rises up to the surface 
between the walls of the com|xirtmcnts of the interior vessel. Thus a current is 
produced, cold brine from outside entering the holes /,/ at the bottom of the interior 
vessel, rising up between the electrolytic plates of the interior vessel, and escaping 
at the surlace; thus all the brine in the exterior vessel in time streams through 



l.ongidiiliiia! .Scctiuii 


l ie. 8.—Sch(»Oj/s 

the interior vessel and is electrolysed. 'I'he cooling coil i keeps the brine in the 
e.sterior vessel as cool as possible. 

vr Schuckerts apparatus, as used by the .Siemens-Sehuckeit 

\Verke. 1 his is also staled to be very successful in practice. 'I'he two stoneware 
troughs and Zo each contain nine cells, each with an electrode of platinum wire 
(+ pole) and a graphite ( -) electrode. I'he current passes in at H and comes 
out at the terminal r., the tension between 11 and K being about 110 volts, which, 



distributed over the eighteen cells, gives a voltage thviugh each cell of 6 volts. 
A 10 per cent. NaCl solution flows in at a, and passes in a (.ontintial stitam right 
through the cell, emerging again at I, where it passes away. It is found advisable 
to add a little CaCll.j solution and some sodium rosinate to the liquid. After passing 
out from z, the liquid, before entering the second trough z^, flows through an 
intermediate trough k, where it is thoroughly cooled by the coofing coils represented 
vdl,. I.—26 
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as di])ping into the variotis compartments of k. 'I'he liijuid emerging at d finally 
contains some 2 per cent, of active chlorine, and for use the liquid is diluted with 
water until it contains some o.2-o,5 per cent, active chlorine. The apparatus is 
descrihed in the German Patent, 141,72.4 (1902). 

Schoop's Apparatus, as described in the German Patents, 118,450, of 1899, 
and 121,525, of 1900, electrolyses a stream of brine gradually flowing down a 
number (if narrow channels, the walls of which contain the electrodes, formed 
of fine foil projecting into each chamber (see Figs. ,S, 9). The process is success¬ 
fully worked in several works in Germany. 

Oilier pif30e''*'ev. all o( uliich hate Iteeii prarl rnllv wtirlvid \Mtli more or less success, arc 
<lfs( riliffl in ihc (icrnian I’aicnl'': 

K. Kellm-r, O.K.l’., 105,486, o( 6l!i NoMinlur i<)02: W. Kotlicr, li.R.P., 180,562, of 
151)1 Alienist i(KJ5: A. \(l^'elsa^^^ D.K.!'., 205,110, g! oih March 1006; (i. Tliiclc, D.R.I'., 
205.087, of nth July loof) (ulio adds to tlif NaCl solulion some i'nCL and an 0!j;anic sul])hur 
Cfimpound (imi aroni.ilio) of liij^h iimlecular weight, lliirehy olitamiii}; a lujuid «Uli over 5 per 
ceiil. actne (hlorme in il). 

Solid Sodium Hypochlorite, (finl.nninj.; 60 pei cenl. atailahle C'l, and mellin^ al 43*" < •, 
lias ln-cn prepared (sfc Muspratt, w. -S//,. (V/fw. //uL, 1903, p. 502. Sec also p. 307 )- 

Hypochlorites as Disinfectants Like Meaching }.>\sclci (p. 396) hy|)ochlorites can l»e 
used ft>t dMiifocling ])urposes, a solution containin}; 10 ]'ei cuu. ol availuMc chiorine being 
twenlv-tive limes .is efleciivt as plienol. 

Kei^iiily l)i Dakin and Dr (and have use.l li\| oc hlonles with sim^ss in Irealing Wounds. 
A solution <ii Mttliiim h\poclilorite. e.irefnllv m ut^ah^cd with iiorie and to rcuuAe alkalinity, aixl 
to re<lu< I llu inilanl adion of ihe t iiginal solution, \tn lapidh dis'-olves away luciolic tissues and 
sterilises evin ver\ hadly infected wounds. This che.tp and powerful disinfecianl is very easily 
jirejiau'd. 
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THE BROMINE INDUSTRY 

llY CliOl'FREV Martin, I’h.D., D.Sr. 

I.ITliRATLiRli 

MAK'n\ :in(i rKM^'i T)\NrAV!Li; - “The- Iii'.,’ Vi.l. 8 nf “ Mudern 
Innri',ani( ('In nu--li\lidiud !i\ Nlv\1i>ii J'liLiid. I‘ll5. 

Small quantities of broniinc orour in many silver ores, hut iiuich greater quantities 
occur associated witli jiotassiiini, magnesium, call iuni, sodium, etc., in various 
mineral waters, s])rings, and in sea water. 'I'he waters of the Atlantic Ocean contain 
0.007 per lent. Hr, while in the Dead Sea 0.42 g. Kr per litre is present. 
However, the largest sources (and practically the only teihiiical sources) are the 
.saline deposits of Stassfuit, which contain about i per cent, of magnesium bromide, 
and the niincial sjirings in Ohio, which contain from .pdA-d per cent, of magnesium 
oromide. 

Metnufacture. - The bulk of the bromine placed on the market is made at 
Stassfurt from the mother liquor remaining after the separation of the potassium 
salts contained in the salt deposits (.see p. 3,12). The lesidual mother liquor 
coni-iins about 0.25 per cent, of bromine in the form of magnesium bromide, 
MgHr.„ from whuli the broniini; is liberated by treating with thioriiie.— 

Malii, T (.'L ^ Me.Ch + Kr^ 

The apjiaratus now employed at the I.eopoldshall (,'hemical \\'orks (German 
Patent, 111,780, of 1882) is sliown in Fig. i. The bromide rich mother liquors 
pour thiough the pipe a (which has a water seal at m), through a sandstone drum 
h ov.,r a perforated plate c, whereby it is uniformly distributed over the whole area 
of a tower a filled with gla.ss or earthenware balls, which e.'ipo.se a large surface area 
to the percokrting liquids. 

A stream of chlorine gas, issuing from the .still n (in modern works tlie still 
is replaced by a cylinder of liquid chlorine, which affords better control of the Cl), 
pours through the ehamber li up the tube d (wliieh is sufficiently wide to allow 
of the simultaneous pas.sage of the chlorine gas to the tower a, and the waste liquors 
from A to the chamber 11) into a, where it meets with the descending stream of 
bromide-rich liquors, liromine vapour is set free, which, ascending, escapes by the 
tube o through the conden.sei n, and collects as a liquor in the bottles K, the last 
traces of bromine and chlorine being removed by the vessel G, which contains iron 
filings kept moist by a stream of water. 

In order to free the waste luiuor flowing away f m a completely from all traces 
of bromine and fluorine, it i.s allowed to flow into th'e chamber ii. Ij order to 
■escape from ti the liquor nni.st flow over sandstone shelves in the direction of the 
arrows, and while so doing is subjected to a current of high-pressure steam blown 
into the apparatus through the pipe r. 'J'he chlorine and bromine are completely 
•driven out of the liquid, escaping with the excess of steam up the pipe d into the 
lower A. 'I'hc chloiine and bromine free liquid flows away by the pipe 
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An improvement on this u})paralus lia-s !)een palenle<i l)y Wiinschc and Saueihrey (German 
I’aienlt I5®»7^5)> apimaius consisting of cast-iron elements, of hexagonal .section, lined with 
stoneware plates and provided witli several thousands of sj)ecially designed contact bodies re.sting on 
gra{mg.s, the apjiaratu.s lx.'ing so arranged that a perfect counler-cunent is attained. This apparatus 
re<piires0.6 kg. of Cl for every I kg. of Br made. Only 3-5 kg. of Hr in the form of iron bromide 
are nece.ssaiy for removing the Cl from too kg. of the crude Ih produced. 

Kubierschky (German Patent, 194,567) has designed a very efficient plant of 
a somewhat different type (see Fig. 2), 'Phis consists of a tower lined with stone¬ 
ware and divided into several superimposed compartments, which are provided with 
perforated plates. The divisions between the compartments are water sealed, so 
that liquids can pass, but not gas. 'I’he mother liquor, which has been previously 
heated, enters the tower at the top at a, and, in its descent, is met by the chlorine, 



I.— Bromine Tlanl the Leopold Chemical Worki. 


which is introduced into the lower end c and passes upwards through the tubes, 
which are so arranged that the gas enters each com]>artment at the upiXT end, then 
descends, together with the hot mother liquor, and enters the vapour pipe leading 
into the next higher compartment, and so forth. .Steam is introduced into the 
lower eompartnient, and follows the .same course as the chlorine. Jly this arrange¬ 
ment undercurrents, which are certain to be formed when a direct upward current 
is used, are avoided. The bron-ine leaves the tower .at 11, and is condensed in an 
earthenware coil. It is theit purified in the refining tower, m which it flows down¬ 
wards into a vessel containing boiling bromine. Most of the chlorine is driven 
off through the tower, and the purified bromine is syphoned off. 

In some AmtTicun woikN the rnothei Iif|uars, after llie i‘\tr.acliGn of ■scxlnim chlttiide, are 
Concentrated and distilled nith suli>liuric acid and polas.sium rhloi.Tte in stoneware letorts. The 
libaaled Inamine is condensed in lead ctmdensers and purified In redistillatum. 
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Manufacture by Electrolytic Process. —In thi.s process mother liquors 
arc electroly.sed in open vessels, u.sing carbon electrodes. The magnesium bromide, 
MgBrj, is decomposed by the electric current before the magnesium chloride. 
The bromine is thu.s separated. 

I’rofcsscs ha.ve lit-cn deviled by Dow, IVmsi‘ 1 , IIopfiUT, Wiinsche, Nalin^cn, Kossuth, and 
others Most t‘nipli>y diaplira^'ms to effort the separatitm, uiih tho exception of Kossuth, The 
hberalod bromniL* rcniaiiis dissolvetj in the litpiid, and must be separated by distillation and 
purilted. 

Purification. ---The* crude broinmo thus obtained is aU.iys purified by rodistillation, small 
quiiiituios of chlorine prosont ht'in(» reino\c<l l>y tho addition of ferrous liroinide tir calcium bromide, 
when tlio chlorino displaces the hromnie from combination, sotting the hUor free. 

Sometinios the hquitl is purifiod without chemicals by fractional distillation (soo (Jernian Patents, 
174,X48 and 205,448), the more vtdatilo portions (1-4 per cent, of distillate) which contain any 


i,A 



Kjo. 2.—■ Ki.bieischky's I’iam Uir Bromine Mannfacluro. 


Cl nr I hlonnc bromide being rollecled S( |).irately. If aniiydrous Br is needed it is distilleil over 
c<»ncciUMtocl lIjSOj. If 1 i.s present this is rt'movei! by ireiuing with a Ca salt, being 
precipilaled. 

In the preparation excess of (hlorine should be avoaled, otherwise much chlorine liromide is 
formed. 

Properties of Bromine—A heavy, mobile, dark red litjuid of sp. gr. 3", 1883 
at o°C. It freuzc.s to a brown crystalline ma.s.s at Boils at 59“C. The 

liquid has a disagreeable smell, attacking the eyes and the mucous membrane 
of throat and nose. It is poisonous, producing painful sores on the skin, which 
are difficult to heal. « 

joo g. of water dis.solve 4.3 g. Br at 0“ C, and 3.2 g. at 20” C., but it is 
much more soluble in organic liquids such as ether, carbon disulphide, chloroform, 
acetic acid, etc. It resembles chlorine in properties, but is not so energetic, and 
is displaced from its compounds by chlorine. 
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Uses. —Bromine is used fairly largely in the colour industry and other 
branches of synthetical organic chemistry, also in metallurgy, photography, and 
especially in the manufacture of medicine, where bromides and other derivatives 
of bromine are of considerable value. It is used as a mild oxidi.sing agent and also 
as a disinfectant, it being for the latter purpose absorbed in kieselguhr (which 
takes up 75 per cent, of its weight of Br), and sold as " bromum soUHficaiion" 
(German I'atent, 21,64.^). 

Bromide of Iron, I'e,Iir„ i., iiaule iil .Suissfiirl, serving ,0 a r.iw m.itm.il fn the maniifaclure 
of sodium or pot.'issiuni hrotmde. .Steel wire and turnings aic treated in a clnseii stone trough with 
Br va]ioHr and steam at :i temper.uuie of 170" t'. When the temperature falls to ino“ the lirnwn- 
reri solution of f'c.Br,, is run oh into transporl inrrels, where it is allowed to cryst.illise. 

Bromine Salt, NaUrd;-! 2NaHr, is made iiy saturating Lonceiitraleti Nafill with Ifr, ilraimng 
off the moLhei luiuor fiom the resulting solid s.ilt, and .idding N.iliit >, U ieetrolytlealls piep.LreiI) until 
the above (omi>osiiiori is attained. Tiie mixture is llien grouml and jiac keti in keg.s. It is used in 
tlie cxlraetion of goKi ores. 

. Potassium Bromide, KBr, is made (1) by running a concentrated solution 
of iron bromide (l''e.,Br,j, see above) into a hot concentrated solution of K,,CO.,, 
until the resulting liquid is almost neutral, or at most, faintly alkaline, too jiarts of 
iron liromide require 56-60 parts of potassium carbonate. Iron hydroxide is 
preci[)itated and KBr goes into solution. The liquid is boiled, filtered from 
the precipitated iron hydroxides, ev.aporatcrl to dryness, lixiviated with sufficient 
water to take uj) the soluble KBr anti leave undissolved the difficultly soluble 
K.,.SO|; concentrated to 1.55 sp. gr. at a boiling heat then allowed to evaporate 
at .a very gentle heat, when hard crystals of KBr separate. The crysttils are 
washed and dried at 4o”-5o" (I (not above). Any ( hloride in the brnniide cannot 
be easily removed, hence the necessity ol employing chlorinc-lree bromine. 

Formerly KBr was m.Tdc by saturating KOH with Br, evairorating with a little 
charcoal to destroy any KBrO, formed (6Br + 6KOH 5KlJr+KBr()3 +5IFO), 
then lixiviating with water and seitarating the Kllr bv crystalli.salion. 

About 120 tons ol KBr are made annually in Germany, and the s.inie amount 
in U.H..\. 

Properties. —White cubc.s, too ]iarls H X), di.ssolve 62 parts KBr at 15’ G. 
M.B. 750° G. Volatilises at higher temper.itures. 

Uses. —In photography and in medicine. 

Statistics. — Brnmme W.is lirxl manul.iclurvd .rt Sl.tssluit in 1.S65. Thr {..ll.iwing liguu-.. ilinw 
ttu-nutjnit : ■ tSbS, I-ftnli',: 18S5, 2t)0 tons. 

(.ton.sKicniblc quantiric. .rrv alxo manuf.u'turcd in .\nieriLM lium the InomitU'-ncli spnngs in Ohio 
and ctsewtiore : —1S85, 120 tuns; 1902, 230 tons. 
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SHCTION \LI 

THE IODINE INDUSTRY 

liv CitOl'i Kiev MAKTtN, Ph.l)., I) Sc. 

I.ITliRATURK 

(iKWl-KhV Makhn .™i Ekm-iT Dwca^IKK.-“T he V.. 1 . .S of 

“Modem Inor^.uth <'lienu^tr).'' I''.(liled hy .\ewtoti hneiid. KJiv 

NK\VT<f\, jouni. So. Chotn. hot, IQo^, 22 , 4(><) 

f h Co i iKNDb.KsoN. -- Arl lele, “ lodnu ;n ThorpeS “ 1 )u 1. Applied < 'iiem.” \ ol. 3, 1912. 

loDiNK (I -- 126.92) IS .1 fairly wiiicl; liislributcd element, occurrino combined with 
metals, in .small (juantities in the soil, the sea, .sea [ilants, and animals. Certain 
.sea plant;,, espis ially the deep sea weed, Jvicus piilmatus, posse.ss the power of storing 
up a considerable amoiinl ol iodine, and Iroiii these plants a portion of the iodine 
of to-day is obtained, 'i'lie dee]) sea |)l.ints contain more iodine than shallow 
sea plants. 

lilts IS shriwn 1,) Ilie folioum.; I,i1,1l, wiiifh pins llie perteni.iei' of iodine m llu dned jilant : — 

I’cr ( <Tit 

Uui weed ( I'li m filuni - - o.oS<i4 

from ' ,, vc\hu!osti\ - - In o o’t^; 

sluiliriu \ ,, \rrralus • - - 0.oS^6 

":Uci ( ,, a\i0^hyl nodo^uin - trace-, to {>.0^72 

HI dipyitata D4535 

,, {faun) 0.2<)4() 

^li'itophylla - - U.4777 

\ai>ha}ina - C7 2 ^ Id (i 2794 

Consequently the nianulacture of iodine from shallow water weed has been 
largely abandoned in favour of drift weed from dee]) water. 

i'he bulk of the iodine of coinincrce, however, is now derived from crude Chile 
s.'dtlK tre or caliche, NaNO,. I'he mother liquors remaining after the NaN 0 .j has 
crystallised out contain 5 20 [rer cent, of sodium iodale, crude caliehe containing 
0.2 per cent, of iodine. 

Manufacture of Iodine from Caliche.—I'he mother liquor remaining 
after the crystallisation of the soduim nitrate is treated with sodium bisulphite 
solution, and the iodine separates out in a solid form :— 

2 NaK). -I sN.iIlSO, - JN.IIISO, )■ 2N.s,.S0, I- 11,0 !■ Ig. 

The .solid iodine is settled, washed, pressed into blocks, and luirified by 
rublimation in iron retorts, the vajrours condensing in a .senes of earthenware 
seceivers. 

An accijunl of the iirorcss is given h)' Kvwinn (Jount. Soe.- Chtm. ii)Oj, 22, 4613), from 

wliose pajXT the r<>ll«')win^ details are taken :— 

Sodium l>isulj)Inte is prepaivd Iiy toijellifr some .S5 [jatts dI’ imjmro sodiiitn nitrate, 

15 part's of fine coal, and w.itei. I'lio inulurc is nuule into a enmea! mouiul, -.ui rounded by .1 Ircnch, 
and ignited. The crude sodium carhonale thus obtained is made into a sulurale<I solution, settled in 
an iron tank, and then sulphur dioxide ga'; is blown through the liquid b/ mean^ of a steam blower. 
The sulphur dioxide gas is made Itv burning native sulphur on an iron plate in a “sulphur furnace" 
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{•^ce Section XX., pp. 254-256 for modern sulphur burners), which consists simply of an iron oven 
with a flue pa.s.sing from it to the cylindrical tank. The sulphur dioxide is passed into the crude 
sodium carlionale until it is all converted into sodium bisulpliite. The bisulpliile solution is then 
run into the reservoir tank^, which are placed a fool above the level of tlic large lead-lined (or 
pilch-coated) wtxKicn “precipitation'’ tanks, which are about two-thirds filled with the final mother 
iujuor obtained during the purification of the nitrate, and wliich contains all the so(’ium iodate. 
The bisulphite solution is next run into these “precipitation" tanks, the lujuids lieing thoroughly 
stirred by means of wooden paddles or by air ftircetl in llirough perforated pipes in the Iwttom of 
the tanks. Iodine is precipilatetl acciinling to the foregoing equation. It is col'ected and 
removed, the last traces w'hich remain after tlie bulk has been removed being collected by means 
of a calico Ixig at the end of a stick. The iodine is then water-washed, filter-pressed, and sulilimed 
in iron retorl^. These consist of horiwinlal cast-iron cylinders, tapering at one end to a conical 
form. The outlet, wlncli is 6 in. m diameter, is connected to a series of ciglil or ten oniinary 
earthenware dram pipes (or jdudeils similar to those used in liie manufacture of iodine from kelp) 
which are lule<I together by clay. Many liifferent variations of this process have been suggested. 
Sometimes SO.j gas is pas.sed direilly into tlie mollier liquors, and any iodide, Nal, remaining is 
decomposed liy adding chlorine water. Sometimes the icKiide—es}x;cially in Ikjuors very poor in 
this substance - -is directly precipitated ns cuprous iodide, CuX, by adding (luSO^ and FeSO^, the 
f'uolo is then distilled with MnO^ and H.jS(\ .iiui the 1 distilled over. Sometimes the CuJ-j is 
henteil with II^SOj and ferric rixide {see German Patent, 209,501):— 

f 6ILSU, + 2he,.0, = I,. + 2CU.SO4 -f 4Fe.S04 ! fiil.p. 

Electrolytic Iodine-— Attempts have been made to prepare iodine electrolyti- 
cally (see Kink, (ierman Patent, 182,298) from the caliche mother liciuors. 

The anodic com|iartmcnt ctmlains as anode a carbon plate immersed in a concentrated Nat'l 
(or halogen salt) Sfdution. The ealiiode crmsists of an iron plate immersed in a slow-moving .stream 
of the liquor to the clectrolyscr. Sejiarating the .aiuKlic fnun the cathodic space is an as!»eslos clotl) 
diaphragm. Under the influence of the electric current the iodine ions pa>s away from the cathodic 
space to the anode and are discharged into the concentrated solution of halogen salt, which possesses 
an extremely liiglily developed power of dissolving iodine. The anodic liquors with tlic KMliiie 
therein is run off from lime to lime and the iodine expelled therefrom. If no dia{)hragm is used for 
.separating the anodic and cath<idic spaces, a process analogous to the Hell process (see p. 375) is 
used, the less dense cathodic liquors being separated from the heaxiei anodic liquois by their 
specific gravity. 

l-*arker ami Robinson (Flnglish Patent, 11,479, 18SS) pl.icc .1 solution of alk.ili iodides, acidified 
with sulphuric acid, in an eleetrolvtic cell, which is divided into two compartments by a diaphr.agm, 
and piovided w'lth a <’arbon or platinum anode and an iron eatlaxle. An tleclric current is sent 
through the fluid, and tlie iodine winch is lilieraled at tlie anode is collected, washed, and dried. 

Manufacture of Iodine from Seaweed.— Thv seaweed (chiefly Laminaria 
dij^itata and L. stenophylla) cast uj) in the spring after stormy weather on the 
coast.s of Prance and Ireland, .Scotland and Japan, is dried in the sun during the 
summer, and is then burnt in large hcai)S in shallow pits; the ash * may contain 
from 0.1-0.3 PC'' iodine. 

Since much iodine is lost by volatilisation during this Imruing process, St.anford, in 1S62, 
sulijected the weed to destruclne distillatu)n in closed retttrls, the whole of the iodine remaining in 
the Hsh, while the tar anrl ammomacal lifjuors were also recovered However, ihe cos! t»f plant and 
fuel rendered the process iinrenumeralivi.. ^ 

Next the ash is lixiviated, and the iodine passes into solution as KI. The 
carbon remaining after the lixiviation of the ash resembles animal charcoal, and is 
used for similar purposes. 

Several processes have been worked in vvliicb the plants arc not carbonised ai .dl. In one process 
the plants arc slated to lie simply directly lixiviated, the residual apparenth unaltered plants being 
converted into “algin,” a gelatinous substance used as a sulisliliite for isinglass, liladder skins, etc. 
In another process the plants are healetl wilii dilute sulphuric acid or other acid; iiere, again, 
previous carbonisation is avoided, and ihe residue <;f seaweed is utilised as manure. Slanfiinl 
heated the weed with NaoCCb. 

There results from the lixiviation (which i.s systematically carried out) a con¬ 
centrated solution of alkali' carbonate.s, sulphates, chlorides, sulphites (traces), 
f 

^ Acci*rding to Ernest S.. Daneaster, in tiiis country the term kelp is applied to IkiiH the weed 
and the ash, although tlie latter is alsu known as kflp ash. In France the term varech i.s 
a))plied to all seaweed (the wor<l being allied to our word wrack), and the burnt ashc.s arc known 

ius condres de varech. 
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sulphides (traces), bromides, and iodides of the alkali metals. The solution is 
evaporated, and the chlorides, carbonates, and sulphates allowed to crystalli.se out. 
The mother liquors then contain the bromides and iodides. This liquor is then 
worked for iodine by the following processes ;•— 

(i) Excess of ll.j.SO^ is added to decompose .sulphites and sulphide, and after 
removing any separated cry.stals, the liquid is run into a hemispherical iron boiler 
mounted in bri< kwork over a fire, and fitted with a leaden hood provided with 

a still head (Fig. 2). Manganese dioxide is thrown in, and when the tempera¬ 

ture reache.s about Go” C. iodine i.s evolved, and, escaping through the still head, 
condenses in a series of glass or earthenware receivers termed “udells.” The 

joints of the apparatus are luted gas-tight by clay. The iodine di.stilling over 

condenses in the earthenware or glass condensers or “tidells.” When no more 
iodine comes over, the stills are connected with another set of receivers .and Woulff’s 
bottles, and more manganese dioxide is added, liromine is evolved, and is thus 
collected separately from the iodine. The e(|uation representing the change is 
thus 

MnO, + 2\,il I Jiqso, =: I. 1 2N.ill.S(q I XIiiSOj -I 2lI/>. 

Mild, .2.\, ill. ; - 111 -I 2 .\.ilisn, . Ml, so, , 2 ll_<). 



The iodine thu.s obtained is impure, containing chloride, bromide, and cy.mide 
of iodine. It is purified by sublimation as above described. , 

(2) Other processes are to heat the liquor with sulphuric acid and ferric 
chloride, FeCl,, with sulphuric acid and nitric acid, sulphuric acid and chlorate, or 
bichromate, etc. All the oxidising agents liberate the iodine from the Iii]uid. 
Sometimes the calculated amount of Cl gas is led into the liquid when iodine is 
precipitated. However, the chlorine must not be in cxces.s, or iodine chloride 
would be formed. 

When the liiptid is very poor in iodine, it may be precipitated as cuprous iodide, 
('ii.jlj, by adding ferrous sulphate and copper sulphate to the liquid. From the 
Cu.d.j the iodine can then be liLerated by healing with sulphuric acid .and 
manganese diu.xide. , 

(3) Ocpsionally a jirocess of extraction with organic .solvents is resorted to. 
Thus, after liberating the iodine by adding sulphuric and nitric acid, the liquid 
is agitated with petroleum naphtha or benzol, when the iodine dissolves, and the 
petroleum or benzol layer of iodine is then separated from the aqueous layer, and 
shaken up with an aqbeous caustic soda, whereby the iodine is fixed as iod'de or 
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iodate of sodium, and so is withdrawn from the hydrocarbon. The petroleum or 
benzol is drawn off, and the iodine is then hlicrated by HCl thus:— 

5N.1I + N.ilO, s 61 IC 1 - 6NuCl + jll.d s 3T,. 

Mure recently, insti’.ul of U'.ing .1 volatile solwnt, lltc use of \.aschnL' oil (the lu’av)' oil fiotn 
Galician pelvoleum) h.as hecn used (oi evtnieting the iodine. The htjuoi eoiilaiiuiig the iodine i.s 
IrtMted with vaseline oil in Slieli .1 lii.illiu'r that those poilions of tlie litjiini from whieii the hull, of 
the iodine iias already been evtraeied .ite Ite.iied with fresh v.iseiitie oil. which l.iKes up all tlie 
iodine out of the liquoi. Also those portions of the v.isehiie eniielied in lodnu* come only into 
contact with tlie lodine-ricii iitpiois. In tins w.iy elficteiit CNtractuii is secured. 

Next the oil isihstilled witfi steam ; tlie iodine coining o\ei, tlie otl is lelt hehiiu! .ind Used ag.nii. 

In general, one ton of carhoni.sed seaweed yields 10-12 lbs. of iodine. 

Iodine from Phosphates. —Thieicclin [BnU. So:. C/ov/o, 1S74 (2). 22. 435 ) ]il.ues .1 inixliiie 
of equal qii.iiililies of lodiiie-ileii pliospliate, siilpliurii .leid, and waier in a \al, and keeps llie mass 
well stilled. I'he iodine is hhei.ited anil passes o\ei ililo a eomleilsing Lli.unher 

Purification. —Commercial iodine always contains traces of chlorine and 
bromine, cillicr chemically combined or in solid solution. The purifiiation is 
liest effected hy dissolving the lesiiblimcd iodine in a concentrated solution ol KI, 
H'hen it dissolves to a dark solution, possibly containing the cortijiound KI.,. On 
adding excess of water the Iodine is precipitated, and is washed and dried. The 
dry iodine is then mixed with solid KI and slottly sublimed. The sublimate 
eonsi.sts of practically pure iodine Pure iodide can also be obtained by heating 
cu[)rous iodide, Cu.I,, to about 240' C. in a stream of air. 

Properties. —Pure iodine is a daik hliiish-black, luslroiis, crystalline solid. 
Atomic weight of I=i.>fi.i)2; M.P., 11(1.1" (’.; 11 .P., 1X4.35'; specific gravity of 
solid, 4.933 at C. ; \apoii.ses slowly; very sparingly .siiluble in cold w'aler. 
too vols. of a saturated solution at 45'C. contains only 0.32 g. of iodine. .At 
15" C. I part iodine dissolves in 3,750 parts of water, and in 2,200 at 30'. It is 
much more soluble m a com eiilrntion solution of KI (where it [lossibly foims the 
conipoiient KI.,), and also in alcohol, ether, acetone, chlorofoiin, beii/cne, <arhon 
distiljiliidcs, and other organic solvents. The tineliire ol iodine of the Plutriiuxcnpa ia 
co.ilains .1 OI. iodine, o/. Kl,and i jiint of rectified spirits. I’otash or soda at 
once dccoloiises a solution of iodine, foiming potassium iodide ami iodate, thus • — 

3I, ■ iiKIfi) 5KI i KKI, ! .ill.jii. 

With concentrated UNO, iodine is oxidised to iodie acid, HIO,. 

Test.—Iodine produces a splendid blue lolourwith starch paste The blue 
colour disay)[)cars on warming the solution, but rcapjiears on cooling. 

Alkali Iodides.-- (1) In order to produce potassium iodide, KI (or sodium 
iodide, NaT), the usual pmce.ss is to add iodine in small portions to hot KOH 
(or NaOH) and evayiorate. .A mixture of potassium Iodide, KI, and yiotassium 
iodate, KIO,„ is obtained (Nal or NalO,, if NaOH i.s used). T'he mixture is next 
mixed with carbon and ignited, which decomposes all iodate, and the iodide is then 
extracted with cold water and crystallised out. Improvements on this method 
of manufacture are suggested in the Cierman Patent, 138,008. 

(2) In another proce.ss the formation of iodate is prevented by allowing iodine to 
act on alkali in the presence of a reducing substance such as potassium thiosulphate. 
The following change oci.-urs: - 

K.S/)., -I- loKOH -f SI = SKI -i 2K.,S(I, i sII.O. 

.Sometimes sodium carbonate is used: — 

Nnj,S„(Xi I sN.i.Td, -1 SI = SNuI + zNajSO, H yCOj. 

On evaporating, the K.„S04 or Na.SO, is easily separated by crystallisation from 
the much more soluble iodides. 
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Statistics relating; to Iodine.-- Most of tiie iodine at present produced comes from the mother 
|i(pi<irs <ff the sodium nitrate (caliche) works of South America : — 


1870 

77-35 

H )04 

458.21 tons 

iKSi 

200.00 ,, 

i<)05 

564.20 ,, 

i8go 

419-74 

1900 

iSl-20 „ 

1900 

■ .p 6 .i 3 - 




Chile iiionc e\)i(irte<l in Spanish cwt. 

'J’he amoiini of iodine })roduced from sc.iweed is small, heinj’ pnncij).iny worked in I'^rance, 
Norwa\, and iMtj^liind. llowe\<'r, m recent years jajuin It.is liej:;iin to make larjje (juaniities of 
iodine from seaweed, and if the C.S.A. seriously attempt tlie reco\iryof jiotash frfim scaweeti on 
the I'aiita toast on a lar^'e s(*ale, an iiuportant additional source will lie atlded It) those existing. 
The foll'iwmg fij^ures gi\e the Japanese export of KI (poiassmiu lotiule) in km (l kin— 1. j Il»s.);— 

1002 J00.5 lt)0^ 

3,051. 22,371. S2-C»12, 


'J'hc folltjwing statistics relate to the German imi)0rt and export of iodine :— 
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< »ernian\ i-\ports iarpo amount'., nf tmislu-d auline pro<lut^^, line eiu'nuc.ils containing iodine, 
• I'. siu'Wii li\ l!u tiillowini; fipurt'':• 
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SECTION XLII 

thp: hydrofluoric acid 

INDUSTRY 

l!v Of-Offrey Martin, Ph.l>., D Sc. 

IJTKRATURK 

Gtiti.iui.Y .M\kt:n un<l K. DANiXsiKK.—‘■TI k- Halogen,," foiinin^ \'ui. S of 
“ Modem liinii;anu't'lieini^try." I'aliuai l»\ Nlo\I on I'rienii. 1(115. 

,\. tl. Ki I l.s. -Awy. and Min. Jonrn.. KIO". ji. 155 
/.KI.l MiK.—“ Die kniislfichcn Kolden.” iU-iIin, IQOJ. 

Aqueous lij-drofluoric acid, HK, i.s usually obtained by heating calcium fluoride. 
Cal*’.,, with concentrated .sulphuric acid:—CalC +H.^SO, = CaSO^ + aHJ*. In 
recent years the technical importance of hydrofluoric acid has considerably 
increased, as it is used on a fairly large scale for the purification of artificial 
carbon and graphite, in dyeing, in etching glass, in the brewery, etc., and 
consequently considerable improi'ements haee been eflected in the aiiparatus 
for preparing this substance. Many factories which prepate acids for iGe in 
chemi. al industry have their own .special plant for producing hydrofluoric acid. 

Manufacture.—h’ig. 1 shows a small scale apparatus for preparing aijueous 
Hr. A leaden retort a, on which a leaden head n is cemented, has placed 



within it a mixture of calcium fluoride and oil of vitriol. On heating the gaseous 
mixture HK is evolved and passes into a leaden receiver c, whicli contains a ve.ssel 
of water i>, best made of platinum, in which the H F condenses. The tube g serves 

as air and gas exit. . , 

On a Large scale, however, it is usual to use iron stills. I'lg. 2 shows a large 
scale plant, working according to the Kckelt vacuu n process. 

a is a semispherical east-iron pan, some 2 m. in diameter, and soine ,5.5 cm. 
to 4.5 cm. thick. This serves as the HK generator. On this Vout pan 
rests a hemispherical leaden lid h. The lead of the semispherical lid is held 
rigid by being soldered over a framework of iron bands, which run together 
*0^ a ring at the top, to which is fastened a ring d which serves to hit the lid 
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whfii nfrt:ssarv. 'I hc- lid is t cm. thick, and has al the base a broad ta cm. 


flange, which Ills esactly over the similar flange belonging to the iron pan beneath, 

and which forms an air-tight 
)oinl, the two flani'e.s being 



securely clamped together by 
strong screw clamp.s. 

The thin lead sheet is turned 



up on the edge «, so as to form 
a sort of trotigli, which is kept 
filled witli running cold water, 
which .serves as a condensing 
arrangement and keeps the 
leaden cover from becoming too 
hot. 

The heat of the furnace be¬ 
neath miglit otherwise overheat 
the lead and cau.se it to melt. 
'I'he cooling water flows in and 
out through special funnels. 

Iiisiile the lid is a protecting 
sheet of kail which runs round 



the jieriphcry ol the inside of the 
lid, and projects over the iron 
])an. 

ft selves to jirotect the latter 
from the (old dilute sulphuric 
acid, vvhii h keeps condensing on 
the leaden lid, and would other¬ 
wise run down the cast iron sur¬ 
face of the lower pan, and rapidly 
(orrode it. 

The cast-iron pan is set in 
brickwork in such a nuinner that 
it is protected from the direct 
action of the flames The hot 
gases come into contact with the 
metal at the ojiening //, and in 
order to prevent tlie cast-iron pan 
limning away locally at //, the 
whole cast iron pan a is turned 
through an angle d 6o" after 
every second charge, by means 
of iron hand grips attached to 
the iron pan The tendency to 
burn is fairly jironotinced, be¬ 
cause towards the end of the 
ojieration solid crusts of calcium 
suliihate se]iarate. Some 800- 
000 kg. of fluorspar is pilaced in 
the iron pan a, then some 1,200- 
1,300 kg ofconcentrated sulphuric 
acid is run out of a lead-lined 
tank (using compressed air to ex- 
|)el the acid) /// into the iron pan «. 
The HK vapours escape up the 


leaden tubes s and /, any sulphuric acid simultaneously carried over with the gas being 
conden.sed in the coil r, vvliich is immersed in a tank of running cold water, and flows 
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back again through the tube u into the pan a. 'I'he HF gas escapes and passes 
into the leaden vessels .\,.v,.v, which are filled with water and connected together 
at the bottom in two sets of three by means of the tubes t'p'. Each set of three 
vessels is jilaced in a tank filled with a running stream of cold water, being 
immersed right to the base ol their necks. In the first two of each set of 
three the tubes do not diji below the surface of the water, so that the absorption of 
gas in tU' water takes jilace at the surface only. In the last ve.ssel, however, 
the entry tube / dijis into the water, so that the gas h.as to pass through the water 
before issuing out into the vacuum apparatus. 'I’his jirovision is necessary in 
order to avoid the necessity for using a very high vtieuum to work the condensing 
arrangement. 'I'he aeid gases escaping finally from the last vessel .v are led into 
ab.sorption towers (each about 2 in. high by i m. diameter), of which the first 
contains milk of lime or caustic soda solution, and the second is filled with dry 
.slaked lime, placed on wooden gratings. 'J'he inside of each tower is well tarred 
to make it acid-resisting. 

The ga.se.s then pass (lUt, free from all acid fumes, into the cylinder !, whence 
tiy means of the vacuum jmmp they are forced out into the air through a long tube 
In general, to every set of absorption ves.sels there are two hydrofluoric aeid 
generating stills em])loyed, the absorption being regulated by the valve at r. It 
takes about forty-eight hours to work off a charge. 

l>'(i ('<(. athi founuiL ^907, p- l dtvrriiKs .mtidu-r proi’fsv wlmli is 

ill um 111 \ari<)U's p.irt' of iht. uortd. .Shallow fast tmii jians aic pruMdcd witli luls. which arc 

hi-rnu'tifallv ''Calfti h\ ineaii'' of (oiu eiiliak-d viilphuric ai'id. All tlic oondt iisi rs, etc., wliu’h 
foiisihj of liMtli'n \rss< Is, si.iiid toialK mimfiscfl 111 water. ’J'he ihar^e is 1,000 kjf. of j^roiuul 
fhiorsjiai io ],000-1,jofi eoiu enliatcf! siiljiiiiiru acid f()6' 

.\11 I hi s(“ iiiethofls suffet fitiiii ihe <ieh < I lhal .1 t rusi of taltunn sulphate sets on the hottom of 
the detoiiijiosiiii^ pans, taiismo oie.n difiieuhies Seveial etfoits ha\e laen 111.ide to overetmu* lliese 
i hi piopo-s.il tif I.. Me\er (( lerrnaii P.itent. J<KX)) tieserses mention. ’Hie retort is 

fi\< d in a furnai e, .ind tlie dec oinposin^; })an dinsists <if an iron tiollev, running on wlieeK, w hirh eun 
lie moved in 01 out of the furnace as desned. 'Hie fluorspar and suijrluirio aeid aie inised (‘(>ld to a 
vyrupv mass m ihis tioilt\, whieh is then run mi<i tlie ilie dot»r shut, ami the distillalioii 

c.mittl oiil 111 the usual was. When the distillation is hnisheti, the d«jor is opened, and the trollev 

Mill out, w liile anollier simil.ii tiollev, fieshls ehare<-d, is run in aj^ain. .So ih.il neither time nor lieat 
}s lost he! w'l m tlie sejinrale s iiarj^es. A similar apparatus foi niakiii}^ ai'elone is (les< rihed in Martin’s 
“ ImJiisinal ('hemistiy : ()rj’anie,’' rierman Patent, t in Seclioii on “ \\’ood I )istillinj^ '*}. 

Smiium or potassium hisuljiha e (NaIIS()4)oi (I\ i Ihl )j) mas he used iiisie.Hl of sulpliurie aeid 
in dei'oniposin^ (.'al'j (see G'nniaii Paient. 1 in,1X48). 


Purification. rechnical hydrofluoric aeid '.nlution invariably eoiitams hydro- 
fluorsilirie aeid, derived from the silica, .SiO.„ almost invariably ])reseiil 

in the eonimereial fluorspar, (’a!*'.„ used. It usually contains, as well, some 
H.^SO^, Hei, .SO.j, As, Ee, I’b, (la, etc,, derived from impurities in the materials 
used in the niamif.ietiire. 

K. 1 ''. .Stahl {/.e t. aii;^r,v. C/iem., i8y6, 9, 225 ; Jounu Amcr. Chem. S(K., 18, 
415) gives tlie composition of the eoinmereial acid as follow.s:— 

ill' - ■ - - 3q.6.S4.2 ]ii'r (fill. 

H.jSil'i, ■ - '2.7 14.1) 

il^SOj .... oS-4.0 ,, 

By rt'iieated distillation an aeid of constant composition and boiling point may 
he attained (at 75" min. and 1:1° C. B.P. tlie aeid eontain.s HF = 43.2 per cent., 
Di’*----1.138 according to Deussen, '/.eit. anorg^. Chem, itjoh, 49, 207), but the 
pure aeid can only he obtained by special chemical treatment, as with distillation 
the IbjSiF,, simply goes over with the aeid. 

CJorL' {r/ttl. Tram., 1869, 173; Journ. C/ieiir. So,., [2], 7 (isoyl, 3 'jS) piirifR-s rmiinuTi'inl iiy 
ilihiling tho tfidinicul m id until i1 runtiuns luss tlian 40 per ccnl. IIF (svitfi more than 11.,S svill 

not precipitate lead), passes nr excess of IPS (to precipitate the I’li. As, etc.), adfls more tilan enoUjfh 
of K./IO.j to conilune with all the HoXiK,., and llySO^ present (winch precipitates most of the 
as KoSiF,,, decants the iKpud, icmo\ es any H.^.S present, i>y addin|,' '’*■ ), 

and then distils from a leaden reloil, leading,’ the rapoiir throuj^ii a platir-.um eondenser into water 
contained m a platinum liasin. 
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The pirn* <ici<l mu-^t not eoine into rontarl with Pb. Thorpe and HumbI) {Journ. Chtm. Soi.y 
1889, 55, 16tieal uitli KMnU4, ihen couverl ihc acid into KKHF i)> addi'nj; KF, and then dry 
this coniponnd ami decompose it !)>’ heating in a platinum retort :— 

KF.HF = KF + HF. 

See also Mf>issan {Avu. Chew, Phy'i,^ [6J, 24 (1S91). 224). The pine acid is now invariably 
prcjxired by heatiiij^ tliu salt KF. IIF. 

Properties. —’I'he aqucou.s acid is a highly corrosive, dangerou.s liquid, 
contact of the vapour with the eye.s and -skin being highly dangerous. The acid, 
and some of its salts NH, 1 ''), are principally used for etching glass, acting on 
the .SiO.j of glass as follows;— 

4lll' I SiO, - 2ll.,() I Sil’,. 

The SiFj escapes as a gas. It is acted on by water thus 
.jSiF, 4 3ll..() = H,.Si(>, I 211.,SiF,,. 

According to W. \\'inteler {Zeit. ani^ew. C/icm., 15. 33, 1902) the density of the 
aqueous acid at 20“ C. is given by the following table : - 


Per Ceni. IIF. 

-Sp. ( »I. 

Vk . 

l*ei C cnt. 11F. 

.Sp. (;r. 

^ Ik'. 


1.004 

0 5 

>6 

1.002 

12 0 

2 

1.007 

I.O 

27 

1 005 

12 4 

4 

1.01 I 

1-5 

jS 

I 098 

12.7 

4 

1.014 

2 0 

20 

I 101 

13.1 

5 1 

i.oiS ' 

2 5 

.5“ 

1.104 

13-4 

() ; 

I.02J 

3.0 

51 

I. lob 

13-7 

7 

1.027 

3-5 

32 

1.109 

14.1 

s 

1.040 

4 0 

.5 > 

1.112 

14.4 


1-0.55 
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1.114 

14.7 

10 

I 05S 

5.0 

! 35 

I.117 

1 150 

1 

1.041 
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30 

1.120 

15.4 

12 

1.044 

b 0 

37 1 

1.122 

1.5-7 

1.5 

i.04<) 

6.5 

3'^ 

1 25 

Ib.o 

14 

1.052 

7.0 

30 

».27 

16.3 

15 

1.055 
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I.IJO 

16.5 

10 

1.050 1 

8.0 

1.153 

lb.8 

17 i 

I.0b2 1 

8.4 

1 42 

1.13b 

17.2 

]S 1 

1.0f)f> 

8.8 

45 

1. 38 

17-5 

19 

1.01)0 

9-.3 

44 

I. I4I 

: T7.S 

21) 
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9-7 

45 

M43 

, 

2 \ 

I.O7O 

lO.I 

4<> 

M4b 

18.4 

22 

i.o7<) 

10.5 

47 

1.149 

18.7 

^ > 

1.0S2 

10.0 

4Ji 1 

I.I52 

19.0 

24 

I oSo 

*1-3 

' 49 

1.154 

" 10.3 

1 

i.oSt) 

11.7 

i so 

1 1.57 

19.5 


Eckelt (C/icm. /.tit., US98, 22 , 225) gives another table which differs in some 
respects from that given. 'I'he density of aqueous HF may be determined by using 
an ebonite pyknometer with ends which screw off and on (see /.ellner, Monat/i, 
18, 749, 1897). With acids which are not very strong, a simple metal floating 
hydrometer may be used, the metallic surface being painted over with a hard pitch. 

Storage and Transport.— I^arge (piantities of the aqueous acid may be 
transported in ves.sels of lead (set Stahl, /.tit. angeiv. Cktm., 1896, 9, 225, and also 
Eckelt, Cium. /eit., 1892, 16, 17). It may also be transported in cast-iron vessels, 
or glass '.^ssels coated internally with guttapercha, bakelite, etc. Small quantities 
are usually kept in indiarubber, ebonite, or guttapercha bottles (see Beiidikt, 
Ckem. /fit., 1891, 15, 881). Flasks made of paraffin wax or cere.sin are also 
suitable. 
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Uses. —Formerly HF wa.s used almost solely for glas.s etching. The glass is 
covered with a layer of wax, the portion.s to be etched being uncovered by removing 
the wax with a .sharp instrument. The acid, when applied (either as vapour by 
gently warming, or else in an .aqueous solution), leaves a sharp mark.- Ammonium 
fluoride in HF solution is also used for dull etching glass. 

More recently, however, the importance of HF ha.s greatly increased owing to its 
use in other directions ; f,g., considerable quantitie.s are used for purifying artificial 
graphite Irom SiO._„ etc. (see Zcllner, “Hie Kunstliche Kohlen," lierlin, 1903). 
In dyeing, double fluorides of antimony are widely used as a substitute for tartar 
emetic. In the spirit and blowing industry HF is used extensively on account 
of its antiseptic effect, yeast being not nearly so sensitive to the acid as other 
organism.s, and so the fermentation proceeds more uniformly when HF is u.sed 
(see Martin’s “Industrial (’hemisfry: Organic”; also Fffront, !>’»//. Soc. C/iem., 
[ 3 j> 4 i 337 ). hltahl (Za/. angew. C/iem., 1896, 9, 225) recommends the 
u.se of a 1-2 per cent. HF solution to open out petroleum bores, and also for 
cleaning iron castings from .sand (.SiO.), and also for cleaning copper articles. 

Dilute aqueous HF has- been used for removing the weighting matters from 
silk (,s('e Ze:!. f. Farheti und TexiUhrmie, 1903, 2 , iCo, 210, 261 ; Gnehrn and 
Diirsteler, Farbtrei. Zeit., 1906, 17, 217 ; Ristenpart, 18 (1907), 273). 
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Hydrofluorsilidc Acid, H.-SiF,,. This acid is obtained by leading silica 

tetrafluoride, SiF, (which is evolved by allowing silica to act on HF:_ 

SiO._.+ 4HF = .SiFj a- 21 1 , 0 ), into water:-- 3SiF, + 4HX H,.SiH| + alh.SiF,.. Gela¬ 
tinous silicic acid is simullanenusly produced. if.-SiF,., is thus produced when 
ever the gases evolved by treating material containing fluorides with siliceous 
material.s and concentuated suljihuric acid are led into water. Thus large quantities 
of H.i.Sii',; and its salts are obtained as by-products in the superphosphate 
industry (see ^'nl. H. of this work, under Manures). Natural and artificial 
phosphates, often containing considerable amounts of fluorides and siliceous 
matter, are in this industry treated with concentrated .sulphuric acid in order 
to produce the phosphate in a soluble form, suitable for mamiring purposes. 
The gases thus evolved in the furnaces (which contain .SiF„ free HF, H.. 0 , GO.^, 
etc.) are sucked out and are led into large condensing “dens” or chambers (of 
100 cub. 111. cajiacity), best built of jiitchpine and provided with a number of 
dividing walls, against which the ga.ses impinge. The steam and .SiF, here con- 
den.se and react according to the etjuations:— 

SSiiq-l 4 ll,,() 2 ll.,SiK|, i ir,SiO,; .SiF, I 3n,,0-4ll. ; y .SiO,,: 2 HF-I .SiK, = 

The gas'cs not absorbed in the first chamber jiass out into anothcsimilar 
absorption chamber, in which the gases come into contact with a spray of cold 
water (steam does not react so well with SiF,), and the gases not absorbed here 
escape by means of a tall chimney into the air. 

VOL. I. —27 




41-8 ' 


INI) US TRJA L CHEM IS TR V 


A more efficient system of absorbing the Sil% containing gas is that 
devised liy J'aul Kestner, Dusseldorf (see Figs. 3, 4, and 5). The gases from the 
pan wherein the jihosjihate is treated with H„SOj iiass by means of the pipe A 
into the space ii. 'I'liis contains a rapidly rotating “ centrifugal atomiser ” c, 
which fills the whole chamiier with a fine spray or mist of water jiartmles. This 
cools and partially absorbs tile entering gase.s, which then pass on through the 
“turbo-atomiser” t. This I'onsists of a fan wheel k, which is biflt up of sipall blades 



I'.les.iiiuii. 

I'lii. 4 .—‘^uperphtivjihalc l>cn. 


after the manner of a turbine In the centre of this fan is a rotating “atomiser” 
which eject.s a fine .sjiray of water through the rapidly rotating blades of the 
surrounding fan wheel K, and thus causes the gas coming from the chamber B 
to lie so thorouglily churned up and mixed with water that complete absorption 
of the acid I'omponents lollow, the esea|)iiig gases passing away quite free fronr acid 
fumes through a chamber F provided with baffles, and so out to the chimney. The 



water, falling as drops, flows away from f in the form of a solution of fluorsilidc 
acid, the liquors containing gelatinous silicic acid in sii.spension. 'I'he liiiuid 
i.s pas.sed through a filter press and then .stirred up with NaCl solution, when there 
separates out a white gelatinous jirecipitate of sodium silicofluoride, Na.iSiF,., 
which IS produced thu.s:— > 

-f - Na._,Sii'q -F 2IK']. 

'I’his Na„SiF,,, when washed over with cold Hp, dried, and passed through a 
sieve, contains Na._,(iiJ‘'( = 9S.6 pef cent., NaCl = o,72, 8i()„- 0.54, H.,0 = 0.14. 
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It is sold to enamelling works, and finds some apifiication in the manufacture of 
■“ milk ” glass. 

ILSilfi, IS liKo ulitiiinrd .Is a by pitultiol when i'.niln‘iu\.!U‘ vessels .ire lieuted willi HI’' in uriler 
In inerejise liuii imrosiiy, iiirli teiisiun sieaiii being afterwards iiluwn ibrnugh llieni (see I’nor, Zeit , 
ani ; fw . 1903, 195). <ir when giapliile islre.iled will) II h'(b> free it from .'si(b). See also tlerman 

I’aleiit, 10^,734 (lSy8). 'I’lie (lernian i’.itenl, 116,848, desenbt s .r jiroeess for in.anufaeuirmg ihc acid. 

Properties. is a strong acid: it attacks the skin. When concentrated 

it is hygroscopic, and attracts moisture from the air until a certain definite con¬ 
centration is attained. The acid, when boiled or evaporated, volatilises without 
a residue. 

Uses. - 'I'he acid now finds considerable ajiplicatioii as a disinfcrlant, for deliming 
skins in tanning (Martin’s “ Industrial ('bemistry: Organic ”), and in the electrolytic 
piecipilation of lead. Its sodium salt is used (see above) in enamelling and in the 
manufacture of “milk ’ glass. I'luorsilicales (filiates) are now used as a harileiiing 
agent of certain cements used in tniikling “ .\rtificial Stone" (see Vol. 11 . of 
this work). 
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PEROXIDES AND PERACIDS 

1 !y G. IV. Ci.oucH, D.Sc. 

I.—I'lCROXlDK.S 

A I'KKOVEhH is ill! n\idc rtjntaining more oxyiicn, coiiiidncd will) a ctrlain weif^hl of an elcmcnl, 
limn IS cEinlaincil in the Inchest Kisie or aeuiir oxide of the element. The true peroxides, or 
superoxides as they are fretpienily called, difler Iroin the “f.tlse” [teioxides or polyoxides in 
that they yield Iiydiopen pcioxide as a jrroduct on tre.itmenl with excess of walei or a diUlte acid. 
Since hydtoeen peroxide po.ssesses arid properties in aijiieous solution, llie supeloxides may ire 
rei;.\rded as s.dts of hydropen pero.xidi.. In conseipience of fhe ease with wliieh the) aie converted 
into the paicni sidrslance, they find wide application .is oxidisinflj, blcachinp, .uni ilisinfecting 
agents. 

Sodium Peroxide, Na, 0 ,j, is luamtfactured Iry passing a current of air, 
carefully freed from moisttire and carbon dioxide, over slices of sodium resting 
on aluminium trays which pass through a tubular iron ve.s.sel. 'I'he temperature 
is maintained at about 300". 'I'iie oxid.alion is effected slowly by applying the 
principle of counter-currents; the fre.sh sodium comes into contact with air 
poorest in oxygen, where.as the fresh air first pas.scs over the almost completely 
oxidised material (German Patents, 67,094 tind ()5,o()3). The hydrate, Na.iO.,.iSH„ 0 , 
is pri'pan d by mixing sodium peroxide with six to eight times its weight of 
powdered ice or snow. 

Properties. —Commercial sodium peroxide is a pale yellow powder containing 
92.t),S ]ier cent. Na./).^. If is exceedingly soluble in water, whicli at the ordinary 
teinperiittire decomposes it, yielding sodium hydroxide and oxygen. Although 
.sodium ptiroxid-f only evolves oxygen at a high temperature, it is a vigorous 
oxidising agent, tis-ually e.iusing organic materials to burst into tlame. An atjueou.s 
solution (1. per cent.) is employed for bleaching textile fabrics, hut in the ra.se of 
animal fibres (silk and woil) the soda formed must he neutralised with dilute 
sulphurir fccid. Sodium peroxide is a constituent of some washing powders. 
“Oxoae” is compressed sodium peroxide, and “Oxylith,” w'hich evolves oxygen 
on ticatment with water, is a cuinpressecl mixture of sodium peroxide and bleaching 
powder. 

The .imiimil of active oxygen in sodiiiiii peinxide ratty he asccriainei! hy Irciiung 1 g. of the 
sample with 15 o.c. w.iter ami 2 drops oj concenti.itcd coIkiU chloride .solution, and raeastiring the 
oxygen evolved (ArclilmU, .Iim/ys/, 20, 3). 

Barium Peroxide, BaO._„ is manufactured by passing air, freed from carbon 
dioxdde and moisture, over barium monoxide, BaO, heated uniformly in retorts at 
5oo°-fioo". The success of the operation depends on the monoxide being in a 
porous condition. Several methods are in use for the* preparation of the monoxide 
in a suitable physical state for conversion into peroxide. It may be,produced 
(a) by heating barium nitrate (German Patent, 128,500); (2) by heating at a high 
temperature an intimate mixture of withe»ire and carbon free from hydrogen 
(German Patent, 149,803); (3) by heating barium carbonatd or barium hydroxide 
with barium carbide in the absence of air (German Patents, 135,330 and 142,051); 
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or (4) by heating in an electin' furnace barium sulphate (4 mols.) with carbon 
(5 atoms) in the form of coke (United Barium Co., of Niagara Falls). 

In ouli-i to (jiiiLiin |>iiic hatium ])cro\i(l<, from thi- cnmmt'ici.il j)io(hict, the laticr rni)l>c<l into- 
a ])aste with u.dei :in<l is into wi-ll-ciKtleii dilute hydiocliionc .Kid. To ihu* rcMilun^T turi)id 

liquid b.irylii is added until the jirerijiilation ol silica .iiid metallic nsidcs is complete. After 
filtration, e\(tss of li.tryt,i i> .uliltd, uium puie ludiuhd lutium peroNide, BaO,Sn,.(), iv 
preiipu.Ucd, and 'uIim ijiu ntl\ tdieied, w.i'iu'd, and diicd. 

Properties. ’I'echnical barium pcro\idc is a grey mass, whereas the pure 
com[)oimd is a white powder. At 700 it evolves nvygett yielding the moiiovide. 
Barium peroxide is useil for the inamifiirturi- of hydrogen peroxide, a.s a bleaching 
agent, and mixed with iiaraformaldehyde as a disinleetanl. It is also employed 
for removing organic impurities from sulphuric acid, and as an addition to 
lithophoiie for preventing that pigment from becoming grey in sunlight (Cieniian 
I’atenl, 105,455). 

Calcium Peroxide, CaO„canno! lie prepaied by heating quicklime in .lir. 
Hydrated calcium peroxide is pu-cipilaled in the loim ol fine needle.s when aqueous 
hydrogen iieroxicle is added to lime water. It is also jirejiaied by adding a com 
[iressed mixlure of sodium [leroxide and slaked lime in molecular jiroporlions to 
iced water (('.erman Patents, ia.H,6i7 and 13^,706). ;\ceonling to American 
Patent, <S,)7,670, aqueous calcium ehluride may he mi-ved with hydiogen ])eni\ide, 
and the ealenim pcioxidi- precipitated by the ailditii'n of eoneentraled ammoni.i 

Properties. Hydrates containing <S, 4, and 2 molei ules of watei are said to 
exist. The usual pioduet eonlains .}li.O, and is a yellow crystalline jiftwder, 
Sjiaringly soliiiile in water, yielding an alkaline solution, (‘.ileiiini [leroxide is used 
as a hleaehmg agent, and is .i component of some tooth powders. It may he 
employed with sulphuric and lor bleaching cotton seed 01! and for removing 
rancidity ftom oil. 

Magnesium Peroxide, MgO„ may he obtained by decomposing magnesium 
sulphate witii sodium peroxide. very antiseptic and stable product i.s [iroduced 
by adding water to a mixlure of sodium peroxide and magnesium hydioxide (or 
basic carbonate) (Herman I’atcm, 107,231). If sodium peroxide and alcohol are 
successively added to aqueous magnesium chloride at 20', a powder containing 
27 per cent. MgO.^ is precqiitated, whereas if the precipitation occurs at a very low 
temperature (in a frccv.ing mixture of sal ammoniac and ice) a product conlaining, 
nearly 40 ])er cent. Mg()„ is obtained (Fnglish Patent, 2,743, iqo2). Merck 
prepares “ magnesiumperhydrol" by treating anhydrous magnesium oxide with 
chemically pure hydrogen jieroxide; the product contams 15-25 per o-nt. MgC).^ 
(Herman Patent, 171,372). 

Properties. —Magnesium peroxide is a white amorphous powdei which is only 
sparingly soluble in water. It fmds application us a bleaching agent and as an 
antiseptic (for wounds and skin diseases in the form of ointment). 

Zinc Peroxide, 7 .nO.,, is pioduecd when aqueous solutions of zinc salts are 
de<'om[)osecl with sodium peroxide, the product having a varialile composition 
(/CnO^ +/,nO). Merck treats anhydrous zinc oxide witii hydrogen peioxide; the 
product, “'/.inc perhydrol,’’ contains aliout 50 per cent. /.nO^ (German Patent, 
171,372). k’or other methods of ])reparalion see Herman I’alenl.s, 141,821 and 
151,129. 

Properties. - /.iuc peroxide is a white or very |)ale yellow powder. It is 
used as an antiseptic (botli in the. foim of powder and ointment), and is also 
serviceable for arresting bleeding. 
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Hydrogen Peroxide, H.p,- is usually prepared from the cheaper peroxide, 
barium peroxide. The barium peroxide, finely powdered, is added gradually to a 
suitable dilute acid, e.g.^ hydrochloric acid. In this case the barium in solution 
is subsequently precipitated with sodium sulphate, so that after filtration a solution 
containing hydrogen peroxide and sodium chloride is obtained. If dilute sulphuric 
acid is employed instead of hydrochloric acid, after filtering off the insoluble 
barium f dphate, an aqueous solution of hydrogen peroxide is obtained, containing, 
however, .some impurities derived from the barium peroxide. I’hos])horic acid is 
also frequently used for decomposing the barium peroxide. Well washed carbon 
dioxidi’ may be passed through cooled water in which finely powdered barium 
peroxide is suspended (Merck, (lerman Patent, 179.771;; the insoluble barium 
carbonate is separated by filtration. 

In order to obtain a puie aqueous solution of hydrogen peroxide, the pure 
hydrated barium peroxide is iircpared as previously described (see Barium Per¬ 
oxide). The moist product is added gradually with constant stirring to dilute 
sulphuric add (i 15) tnaimained below 10 ' by the addition of ice. Wlieii the arid 
is neutralised, the niixtiire is stirred for some hours, allowed to settle and filtered. 
The usual enneentration of hydrogen peroxide is 3 per cent, by weight. 

A f'oi'K'cnti.itct] sdltilnm <>( indro^cn jjiKivnic nia\ bc' piopaicti lt^ ,N!<ii!!i^ •sodmiii pcioMilf lo 
wcll-LodIfd dihiU bulpIiuiK .iLiti Uo jH'! (cnt c.ticui.iti-fl .nnount) <'ii st.iii(iniL;. .limiH two-thiid'* 
t»l ihf Mtihuni siilpiiatf cnstalli'-cs and is scpaialdd la’ IdlialiDii. 'I'lid filtiah i- tiisltlK-d ntidci 
ditiuin-slK'd pu-^suit (Mi-uL). MckK's “perhydrol’ - iltc so-called loti jici ludioecii 

ftiTOMik - c 'lu.uiis ^0 jxT cent. II.,( )... one vohmii of the solution \ leldnti; kjo vohmic-' ol o\\ ^eii. If 
a (‘>!i<.cntrat(.d solution of hyihoiM-n pciovide ite liistilled under dniimisliefl ptes.suie. u.ih j distils ovn 
bist, .imi siib'scquenlh iieaih pure indtot^en peroxide (qd [lei cent.) tiislils o\ei : boilnu’ poinl, 
/08 null. <vi U) l 2 ii iiilii .Siaede 1 found lhal on cooiinp the n(j per rent, produrl hv cll)e‘i 
ami Ibjuiel (.ithoii <lioxule ( 8o'e'i}slailisalion occurteti, ami wiicn a mule us eif tin-, pnxiuct was 

inliodiKed nil > dn rjfj pci e enl. litjuid, pure ti.inspaient cr\stals of Indroe^-n pcioMde, M.l’. -2“', 
sepaiMtexl. 

llvdioqen jieioxide in.iy al’--o hr nianiif.iniire-d hy liie IndioKsis of jienuono-sulpliin r- and m 
the- p-e-sefue' of sulphmic ariel 'rh-- livelioeon pcioxidc iiia} he oht.uncd hy ehsuUatiou under 
redux'-il pnssuie oi hy exlr.ictioii with a suilahlc Solvent. 

PrOj. erties. Pure hydrogen peroxide is unstabli', sonietime.s decomposing 
wall expii/sive xioli-nec. The dilute aipieous solution, however, is fairly stable, 
but the (leeoniposition {into water and oxygen) is particularly susceptible to catalytic 
influenre (colloidal or finely divided metals, especially silver and platinum, c arbon, 
iodine, and alkalies). 'I'he solution, however, may be preserved hy the addition 
of a little acid (phosphoric, tannic, and barbituric acids have been rerommended). 
Hydrogen peroxide is an oxidising .agent. It is employed for restoring lectures, 
the blai'k lead sulphide, formed by the .action of sulphuretted hydrogen on white 
lead, licing oxidised to white lead sulphate. It liberates iodine from potassium 
iodide in^ the iire.scaiec of ferrous sulphate—a very delicate test for liydrogcn 
peroxide, and distinguishing it Iroin other oxidising agent.s. When a solution ol 
hydrogen peroxide is added to a colourless .solution of titanium dioxide in sulphuric 
acm an orange or jellow colour is produced. One part of H.,Oo in ten million can 
be thus detected. Hydrogen peroxide is widely used as a bleaching agent, and as 
the only products of its decomposition are water and oxygen, it is serviceable for 
bleaching materials that are destroyed hy acids, alkalies, clilorinc, etc. Ostrich 
feathers, bone, ivory, wood, silk, cotton, teeth, and hair are all bleached by h) drogcn 
peroxide, aqueous solutions of which constitute “auricome,” “golden hair water,” 
etc." h'or bleaching wool, which is rendered a [Hire white and does not subsequently 
become yellow, the wool, after soaking in a dilute solution of sodium silicate, is 
placed in a peroxide bath containing sodium siii 'at». For very delicate materials 
I vul. of hydrogen peroxide (lo vols.) is diluted with ic vols. of water. Some 
dentifrices consist of hydrogen peroxide mixed with gyjisum and starch. • 

Hydrogen peroxide is a constituent of “Sanitas,” and is extensively used in 
medicine as an antiseptic, being especially iluable in th^ treatment of alveolar 
abscesses and scrofulous and sy]>liilitic sores. 
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The ounct-ntralinn of Iiydro^en pi‘rn\i{l(‘ s((lalinns may lie asciirlaintal (l) by litialion with 
standard pntassiuin pennanpauatc ^^—3.16 p. KMiitt^ pt'r Inre^ in the presence (if diUlte 

sulpjinnc and ^1 e.c. KMiiOj-.cxti; lldb^; 12) liy Uealinent vtilli excess nf putassium 

ifidide siilnllnii and sidisei|ilent lit rat inn (if the liberated iodine with standatd thiosltlpltale. 

A 3 pet natt. soiiilioti of itt'tliooen peiosaie on deioinpositiiin ynlds approximately ten times 
its own volinii' of uxypeli to voL perosidi "). 


II.—rihliACIDS AM) TIIICIK SALT.S 
IJ'I'lCK.VrURF. 

T. SlAlti; ritieii. “ l'er-.'\eids ami tlieir .S,ills." ii)t2. 

Ills .'itid the stilts ilenvitd from them contain relatively more ovygeii than the 
tu'ids and salts bearing the same names without the prefix. The |ieracids, like the 
peroxides, may be divided into two classes :—(i) The /ruf ]ieraeids, which may 
either he formed by the action of hytlrogen jieroxide on the lower acids or 
pioduce hydrogen peroxide as a product when decomposed with dilute sulphuric 
tictd ; and (2) the pseudo or false ^leracids (e.c., perchloric acid) which are not 
related to hydrogen peroxide in this manner. Tiie true peracids and their .salts 
only are dealt with in this .section. 

Two persulphuric acids arc known ; permonosuljihurir acid (daro s acid), H.^SOj, 
and perdisulphuric acid (usually called iiersulphuric acid), Il^S.^O^. 

Persulphuric Acid, hl.,S.,()j,, is produced when sulphuric acid ( 1 ). 1-35 '-5) is 
electrolysed at low temperatures (510 ) with a high current density at the anode. 
(Kills and .Schonherr, Zeit. Ekktroehent., I, 417 and 468: 2 , 245). I'he current 
density at the anode may he about 100 amperes per sipiare decimetre. In the 
presence of sul[iluiric acid, persuljihuric acid gradually undergoes hydrolysis to 
Caro's acid, which in turn is further hydrolysed to hydrogen peroxide and,sulphiiric 
acid. 

(1) Ib.S.'f'a -I If.'*' - 

(2) lIA‘b I II..0 IL.SO, : IbO.. 

Anhydrous ixasulphuric acid is prcpnied by .adding anhjdrous hydrogen peroxide 
(i mol.) to chlorosulphonic aeid (2 mols.). 

Properties.— The anhydrous acid is a crystalline solid melting at 65". The 
apueuus solution lias strong oxidising propertie.s. 

Permonosulphuric Acid (Caro's acid), H.„SO.,, may he jirepared b) treating 
potassium jicrsuljthate with concentrated sulphuric acid, or by the action ot ron- 
centr.Ucd sulphuric acid on concentrated hydrogen peroxide (Baeyer and Villijcr, 
Her., 11)00, 33, 124, 858, and 1569). 'I'he pure anhydrous acid is prepared by the 
gradual addilioii of the calculated amount of too i>er cent, hydrogen peroxide to 
well-cuolcd chlorosulphonic acid, HoO._. + C!SO.|il = H,j.S(). + HCl. 

Properties, 'i'he anhydrous acid is a cry.st.alline solid melting at 45*. The 
atiucniis solution is fairly stable, and possesses an odour resembling that of 
hleaching powder. In the pre.sence of sulphuric acid. Caro’s .acid undeigoes 
hydrolysis to hydrogen peroxide. This reaction is used for the manufacture 
of hydrogen peroxide, e.p., by distilling a mixture of potassium persulphate with 
sulphuric acid (I). 1.4) under diminished pressure (German Patents, 199,958, 
2171.538, 171S.59 1 Phiglish Patents, 24,507 (1905), 23,660 (1910)). 

The best known salts of persul])huric acid are the ammonium and potassium 
salts, which were first orepared by S'arshall in 1891 (Trans. Cheni. Soc., 1891, 59 > 
771 ; Journ. Soc. Chem. hid., 1897, 16 , 396). 
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Ammonium Persulphate, (NHj)..S„ 08 , is prepared by the electrolysis of a 
saturated solution of ammonium sulphate at a low temperature. To avoid cathodic 
reduction a diaphragm is used, saturated ammonium sulphate solution is placed in 
the anodic compartment, and sul|)huric acid (i ; 1) in the cathodic compartment. 
The temp'erature of the anodic solution is maintained at about 15“ by a stream of 
water running through coils. '1‘he anode consists of smooth platinum wire, the 
anodic c .rrent density being 500-1,000 amperes jter square decimetre. (>)stals of 
ammonium persulphate separate at the anode, and fresh ammonium sulphate must 
be sujiplied. 'I'he yield is increased by the iiresence of excess of sulphuric acid, 
and also by the addition of liydrolluoric acid. 'I'he current efficiency is about 
70 per cent. (Klb.s, Journ. pr. Chem., 48, 1S5 ; Muller and -Schcllhaas, 

Aeit. Elatrofhem., 1907, 13, 257). The electrolysis may be carried out without a 
diaphragm if the electrolyte is kept acid, and a high cathodic current density is 
employed (German Patents, 155,ho5, 170,311, 173,977)- 

Potassium Persulphate, may he Jireiiared in a similar manner, or 

by the double decomposition of ammonium persulphate with [lotassiiim carbonate. 

Properties. —Ammonium iiersulphate forms monocliim- crystals and potassium 
persulphate, either small jirisms or tabular crystals. The latter salt is only sparingly 
soluble in water (1.76 in 100 at o'). The dry persuljihates are quite stable, but 
their aqueous solutions gr.idually decompose thus ; - 

K .S„0. i ll.,<) 2KIIS(), h- O. 

The |iersuljihates aie oxidising agents, liberating iodine from potassium iodide, 
oxidising ferrous salts to the ferric condition, etc. .Silver .salts exercise a marked 
catalytic effect on the oxidising iiroperties of ])crsul[)hates. .'Mkaliiie as well as 
acid solutions of jiersuljihates have bleaching properties. .Ainmonuini persulphate 
is used technically for introducing the hydroxyl group directly into the ben/ene 
nucleus, ixc-, c nilrophenol is oxidised in alkaline solution to nitrohydroquinone. 
The ammonium salt is also used as a density reducci for negatives ; the pota.ssium 
salt, ,1 idcr tlie name “ anthion,'’ is used as a hypo eliminator in photography, but 
its use ajipcais to be oiicn lo objections. .Many of the alkaloids give colour reaction 
with jicrse lilules, and some ol tlum (c.g-., strychnine) are ))reci;)ilated. 

Tlie esmn.Uiun ol iicisiilplsitcs is (.iniedoul In iKotiiig the siiliition wilh feirmis sulph.ite at 
UfA-So'. 01(1 ulr.iting ihe cxil's.s of feiroiis iron In iiiciuis of st.oidaril jiot.issium jiL'niiung.'itiiUc. 

Perboric Acid b.as not been jirepared in the free state, but sodium perborate, 
NaliO., 411,0, is a (;om])(uind of considerable technical importance, and its prepara¬ 
tion IS the subject of manv p.iUails. When a 3 jier cent, solution of hydrogen 
pero.x'de (120 pans) is added lo a saturated sohilion of borax (20 parts) containing 
sodium hydroxide (4 pails), the resulting solution slowly deposits sodium per- 
bor.rtc in a very imre but rallu-r unstable form (Tanatar, /.d/. physikaK Chem., 
189,'s, 26, 1,52 ; and rhqq, 29, 1(12). A coarsely crystalline and very stable product 
is obtained by dissolving borax (7(1.5 parts) and sodium hydroxide (21.6 parts) in 
14c piarts of boiling water, and pouring the resulting .solution, cooled to about 
60'', into a 3 ;)er cent, solution of hydrogen jieroxide (950 parts). After the 
solution h.as been well stirred, it is cooled to below lo’ and allowed lo crystalli.se 
slowly by standing undisturbed for some hours. The crystals are drained and 
washed with icc-rold water. A further crop may be obtained by stirring powdered 
salt into the niotbov liijuor. 'I'he yield is 8S per cent. (Girsewald, German Patent, 
1907, 204.279). 

A'.sodium iierboratecs^iftiDerborax, NaJqOs.roH/), is prepared by gradually 
adding an intimate mixtii.^c ot^ric acid (24S and sodium peroxide (78 g.) to 
well cooled water (2 1 ). The .XT-tiarated crystalline product, after drying in air, 
contains 4.2 per cent, of active oxygen. ]t cannot be rcc.ystallised from water, 
the first fraction which seiiaratos containing more active oxygen, and fhe later 
fraction less active oxygen than the original salt. 

If hyOrocblorir acid, equivalent in .imoiint lo half the xodiuni in perl>or.*x, is addei! to an aqueous 
solution of the salt, ordinary sodium pcrliorate separates. 
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Properties. —Sodium perborate contains a high proportion of active oxygerr 
(ro.4 per cent.). 'I'he aqueous solution is distinctly alkaline, and contains hydrogerv 
peroxide. ’I'he salt is only sparingly .soluble in water, but if it is added to dilute 
sulphuric acid, a highly concentrated solution of hydrogen peroxide is obtained. 
'I'he aqueous solution exhibits oxidising properties, liberating iodine from potassium 
iodide, oxidising fertous to ferric salts, etc. .Sodium perborate is employed as a 
washing and bleai'hing agent. As a washing agent it j)ossesse.s all the advantages of 
sodium jieroxide, without many of the disadvantages of that compound. 'I'he older 
“dry" soiijis consisted ol soda, borax, and soap, but most of the modern washing 
powders contain sodium perborate or “ perborin." “ Perborin M ” is a mixture of 
soaii, soda, and sodium perborate ; “persil” consists of soap, soda, sodium silicate, 
and soihum perborate, and “clarax” of sodium ])hosphatc, liorax, and sodium 
perborate, 

Ammonium Perborate, MH|l!f),.ln ,(), is obt.iineJ by adding ammonia to 
a solution of boric acid in aqui-ous hydrogen peroxide 5 ])et cent.), llarium, 
calcium, strontnini, and cop|icr pcrhiiratcx have been prepared, but they are 
unstable. 'I'he .imoiinl of actnc oxygen in a |)Cii)or.ilc is ascertained by titration 
with standard potassium permanganate in the presence of dilute sulphuric ,a<;id. 
Anothei melhod consists in treating o.i g, of the simple with an aridified solution 
ol ferrous ammonium sulphate, the i-xcess of which is siibsci|Uently titrated with 
titanous chloride (.See D\:rs, ipio, 26, hi) 

Percarbonic Acid lias not been prepared, but the potassium salt was prepared 
by ,(!on.stani and Hansen 111 iSijy. 

■if Potassium Percarbonate, K. ,(! ,()„, is piep.ired by tin deetrolys's of a 
saturated solution of potassium eaibimate at 10 to lO. When Ihi eurrcnl 
density is go-60 amperes pe-r sipiare (leeimelei, aqueous pol.issiuin eaibonate of 
densit) 1.5(1 on electrolysis at - 10° gixos a yield of pel carbonate equal to ‘S5-95 
pci cent. (/t'/A Elekinhiii-m., i8(j6 7, 3, 137). 

Properties. — Tot.issium pereaibonale is a pale blue hygroscopic powder^ 
which decomposes readily on warming — 

K,Cp),, - Kg'o 1 t'l), I (). 

It dissoKcs in ice told water with practically no dccoraposilion. Potassium 
percarlxin.iti.' is an oxidising agent, oxidising lead sulphide to lead sul])hate, 
decolorises indigo, and bleaches cotton, xvool, ,ind silk. It is used as a bleaching 
agent and m photograjihy under the name "Antihypo.’ by adding alcohol to a 
.solution ol sodium carbonate in 3 per cent hydrogen ]ieroxule, 'I'.matar obtained 
a product having a composition corre.spnnding with the formula Na.CO,. 1 f.H.d b 
'I'his iiroduct, however, in many rcspccls differs from true per-salls, and consequently 
some cliemists believe it to be sodium carbonate with hydrogen jieroxide of 
cry.stallisalion, Na,('().,.H , 0 ,.Hd ,< •. 

Sodium Percarbonate, Najr_,t)„, is prepared by adding sodium peroxide 
slowly to ice-cold absolute alcohol. 1 )ry carbon ditjxide is then passed into the 
mixture at o’-^" for some hours. 'The crystalline ma.ss is separatial and washed with 
alcohol and ether. 

The preparation of a sodium percarbonate, lS'a.,CO,.JH.O, from hydrated 
.sodium peroxide and carbon dioxide, is described by Wolffenstein and I’eltner 
(Bir., n)o8, 41, 280 ; see also (lerman Patents, 145,746 and 188,561)). 

'I'his product is used as a disinfectant and fur the [ireparation of hydrogen 
peroxide. ‘ 

art-ohm.iti'd tie.iUn" n. <[u.intit) of llio sani[)li.- wilh diluk* .sulphuric 

acid, au;l Utialiii^^ llir iiNdinidiii jifroMdi.' f'lrined uiUi standard polas-sUiin permancjanalc- 

Salts of several other peracids^have been prepared, but at present have no 
technical importance. 
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SltCTION XLIY 

CIRCULATION OF NITROGEN 
IN NATURE 

l’>v I ni'V Maktin, It St. 

LI'I'RR.Vrr RF, 

CkOssI 1 V. }'kxU , K)10, 30, ;,2(| 

! H'. “ Hjck'i .il and V-ii/v luc ( 1 u misti). ’ i<i 11. 

lilt At’ N. - Aiti ;^L’ s ■" I l.i iul!>k. li. .Mil II j.; L iii’lii \ ('I. >. P' v - • 

Nri’KOUKN is an ksscntial conipftm-tU of atiimal atid \ugctahli- uialtei, and 

must Ih‘ Mipplinl to tiu-ni in an assimilable form. 

Animals obtain iIilui nitu)Ltcn in an “ort^anically (.ombinL-d” form bom \ngntable 
inalkT. Plants, however, obtain tiieir nitroi'en piincipally in the foim of nitrates or 
ammoniacal salts, which they alisorb Irom the soil. '!'(> a much smaller extent 
they take up (at least some ^a^leties do) mtropen diiectly Irom the atmospheie. 

A\ hen animal and \eec‘table nutlter deui)s, the combined nttro;4tn [sissi-s aLtam 
in the ha’in of jtmmonia and nitrates into the soil. Pail, liowtner, is set lice as 
nitrogen gas. whah thus i-seapes into ihi atmosphere. 

Accniiiim; t-i Aii!uiiiim{“ 1 ),I^ W'l itlc-n <lci U i lien.*’pp- pp. 131, KjoS) n<i K tliaii .{Oo.ofio.o..)0 

am-, of a .lu miimillv w il luioiu n lioiii the .ilmosiilicie l iIIk i li\ <liiocl a--''Uiu!,ilH»n 1)\ pLaiis 

er !i\ mil' I'l u a li i)\\ 141 a l'\ im .tiis o! flc{ ii k al dmi ■« u hu ii orcui m tin an. Tin-« oiiilitned 
nitKijjcii o w heil intd l)^'. .sm! .mil llicn. t.il.cn tip 1)\ pLiiils, w lu-m t- it ji.ism-s iiiln i iiciiLUimi in 
the aniiii.ii v^' 111. (’flu- .inioual nl .Uinnsphi-m I'Wt^vii .innuully al'sotlH li In pl.nils .imi animals 
li'iin till- .Itnil' ,|,Iu'u e .ihi.ni n.xj tinu s .lU-r tti.m the auiounl ol nil.iueeii .ihsmheil.) N<i\\. 'nt> c 
lutio^cn <i.n‘s no! .ti Lunml.tU- lo .m\ pic.U t \U m in tlu* -’Oil, these 400,000.000 tnio ol uliiiM-.plu-t n 
niliof;cii , ( yi'.uly i luo .is moil iiitio<;on ^.is iiy iho <!ei <iiii|iositi<in “I oie.iau ni.illn, 

and s(I :ue resliited .u^aiii i<> the .itiiiosplioi0. (.'I'liscfjuenih time o t (.uiinu.ill\ e;'line on in natiao 
an nninoasi .11 1 emih ss i m iil.mon nl nitrogen. 


'rhe fiillowinp, s( hfiiu- ^h()ws llu' (.our.si- of llie nitrogen cycle in naluic — 


U'o nitrofri-ii Ill .ur 

Nillo^l-ll tlMIl” 

— PidU'S 

, . 1 



I’rolcins. fats. 



'•iirl'ohydialcs, cir. 

t i’rnU'idytu 

1 niirifyinp;.uiii 


1 

1 

j df-rutrifyinL; 

rru'a, ) 

t 

—• /l(h (I’l ta < 

-< Prt^lu-iiis, ■*- 

[ Aiuiiio avuL ] 

Ammah 


Every scrap of nitiogcn in every plant and every animal, and in the soil, came 
originally from free atmospheric nitrogen. The* (Ki^tion occurs principally by 
means of silent electrical discharges, which continually go on in the atmos[)!K*u-. 
Under the influence ol electricity the atmospheric nitrogen becomes active, and 
unites with the osygen of the air to form nitric ovide, thus N. + O^-aNO. 
The nitric oxide, NO, at once combines witJ-i the oxygen of the aii to form 
nitrogen peroxide, NO.,, thus N 0 + 0 = NO„ The N().j is then tlixsolved by 
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falling rain, forming nitrous and nitric acid {2N0.j + H., 0 = HNOj + lINO,), and in 
this form it enters the soil, where the nitric acid and nitrous acid combine with 
bases in the soil like lime, potash, etc., to form etdeium or pottissium nitrate or 
nitrite; these substances are finally absorbed by the roots of growing plants. This 
IS the main method whereby nitrogen i.s absorbed from the atmosphere, and for 
many years it was thought that this was the only way of absorbing nitrogen. 
However, it is now known, thanks to the researehes of Hellriegel antk Wilfarth, 
that certain plants, especially those belonging to the I,eguminosit;, directly absorb 
nitrogen by means of certain bacteria. Teas and beans possess this capacity highly 
developed. Clover also is a plant which absorbs large amounts of nitrogen from 
the an during its growth. Practical e\am|)les of utilising this fact have long been 
known. Alter a eroii has been giown which tends to exhaust nitrogen from ihe 
soil li’.x'., wheat) it is usual to grrjw a crop of clover, which is then ploughed into 
the soil, The nitrogen absorbed by the eloier from the atmosphere i.s thus 
returned to the soil when the clover rots, and so a fresh crop of wheat can now 
he grown. This is known as '‘rotation of crops." 

The nitrogen as nitrate in the soil is absorbed by the plant and turned into 
complex piotein matter. The jilant is eaten b\' anim.iLs, and the nitrogenous 
prot"in is, by the processes of peptic and trvptii- digestion in the animal body, 
conxcrled into end products, largely consisting of amino acids. These amino 
acids are again built u[) into the body substance through biotic energy inherent in 
the cells, [)art having been utilised as furl in maintaining that energw. 

In the case of flesh eating mammals most ot the nitrogen not used in 
maintaining the body substance i.s eliminated in the form of urea, (.'0(NH„)„, in the 
urine. ITom this urea much nitrogen is set free in the free stale by the action of 
nitrous acid, HNO,, thus: ^ 

(■()(M1,). ! 2ll\0, - CO, i ,511,0 1 a\,. 

Ui'.i ( iirliidi \\.Ui-r. 

.u-i.i, tiioM.ir 

Thus the mliogen, in jiart at least, finds its way hack to the atmosphere. 

In the case of ammals, whose diet is wholly vegetable, fiosl of the nitrogen 
IS eliminated as hippuric acid, fi.Jd-CO.NHt'll.^COOi 1 . These twis main end 
liroducts of animal inetaliolism, vi/., urea and hippuric add. are not directly 
availabli- for plant food. They nuisl first lx. converted into ammonia, NH.,, by 
means of ceitain organisms contained in the soil. The most jiriiininent of the.se 
organisms are the Micrococtus tnva and the Iniallus itn-ir. These organisms, 
being widelv dislribmcd, soon cause urine when exposed to the air to evolve 
ammonia. They are not contained in freshly excreted urine. The following is the 
change which takes pl.rcc : 

(■0(NI1.,)_, I II ,,0 (.NH.i.ro, 

I'lLa. W.iier. Amiiiniiiiim 

(..irbuii.tlc. 

It is supposed that the change is brought about by an •‘en/.yme ’ called ureasC, 
secreted by the micro-organisms. 

Till' ammoniiiCitl fermentation of the urea proceeds until about per cent, 
of ammoniacal carbonate is formed in .solution, when it ceases. Nitrogen in the 
form of ammonium carbonate is directly assimilable as a i>lanl food, being built 
up again into vegetable prolein.s, wliich form the food of animals. 

The hippuric acid is similarly decomposed according to the etiiiation— 
t„ii.,c().\ii('n...ci)on I 11,0 = ('„ii.conii i (■ii,Nii.,.C0()H 

nippiiut. 4iMt!. W.jitr. l!cii/on- acid. Amino-ateiic acid. 

Plants, however, not only aUsorb their nitrogen in the form of ammonia, but 
also in the form of oxidation" jiroduct.s of ammonia, vi/.., nitrite.s and nitrale.s. 

(1) 2 NII,, + jO, = allNO, I 211,0 

Ammonia. Oxygen. Nitrons Water. 

acid. 

( 2 ) 1IN0,> 0 ^ UNO, 

Nitrous Nitric 
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The process of oxidation of ammonia into nitrous and nitric acid is known as 
nitrification, and occurs in two distinct stages by means of two separate lots of 
organisms. The one kind of organi.sm oxidises the ammonia to nitrite, and the 
other kind oxidises the nitrites to nitrates. 

Accoraing to Boullanger and Massol there are two well-defined organisms which 
convert the ammonia into nitrites, vi^., Nitrosowcais, a largo, nearly spherical, 
organism,*i.xisting in two varieties, one found in ICurope and the other in certain 
soils of Java. 'J’he other .smaller organism i,s called Nilroiomorias. 

The nitric organism i.s ii very small bacterium, slightly longer than bioad. 
The nitrous and nitric organisms exist side by side in nature, ami neither can 
perform its work without the aid of the other, c,,!,'., the nitrous org.inism alone 
cannot carry the oxidation of the ammonia further than the stage of iiitiite, while 
the nitric organism is incapable of directly oxidising ammonia. 

In addition to the oxidising of ammonia to nitrites and nitrates (nitrification), 
there also goes on a reverse ))roce.ss (denitrification) whereby nitrites and nitrates 
are destroyed by the action of certain organisms, a nitrate is converted directly 
into nitrogen, the linal result being shown by some such end etpiation such as this ; — 

aKNt)_ ; 5<’ i 2ll„r) - 4KIICO.j + 2 N.J i <*()., 

i’Dt.i'Miim (-'ailiuii. W'aici Potassium N'itto- (atlion 

miiatc hit ailuniale tliuxidc. 

The denitrifying orgitnisnis may bi' divided into two ela.sses. (i) I rue de 
nitrifying organisms, whieli actually destroy nitrates, ronveriing them into fice 
nitrogen. (2) Indirect denitrifying organisms, whic.h reduce nitrates to nitriles, 
and these nitriles, when brought into contact with amido compounds such as urea, 
in the presence of acid, arc decomposed with liberation of nitrogen, thus ; - 

i - 2N, , CO, -I }US} 

[ K-.i ' ' Niiio- ('.nhem Waim. 

ai iti •.;fn 

l!y means of these ciiangcs iimcli nitrogen fioin the animal or icgctahlc body is 
again thrown back i*ilo the atmosphere in its original lurm, thus maintaining the 
nitro'.'cn <A le in naluic. 

The chid nitrogenous artificial manures used are aiumonium salts and .sodium 
or pot.T iiim nitrate. The quantities of these sub.sUatices, however, at the disjrosal 
of agriculturists, is far less than the tlemand. 

Until (luile recently the supply of nitrates, and also of nitric acid, was derived 
almost exclusively from the natural deposits of SOdium nitrate, NaNO^, found 
in Chile ((.'hile saltpetre). The ammonium .salts were jirincilially derived from 
coal-tar and gas-making works, I'oming into the market as ammonium sulphate. 
The higli price of these jiroducts, and I lie urgent need for more nitrogenous manure 
for agricultyrists, has caused the successful invention recently of several processes 
for comhimiig atmospheric nitrogen arlificially, in a form assimilable by plants. 
'J'ho economic “fixation of nitrogen” has been achieved by three distinct methods 
which wc will later deal with in detail, vi/.:—(i) Direct oxidation ot atmospheric 
nitrogen to nitric acid or tiitrales. (2) Fixation of atmospheric nitiogen by iiieans 
of calcium carhiile, with formation of calciuiii cyanamide. (3) Direct formation of 
ammonia, Nil.,, by diicct combination of atmospheric nitrogen and hydrogen. 

Other nitrogenous compounds much used are cyanides, ierro- and lerticyan des, 
etc. Cyanides find their chief use in the extraction of gold from tjuaru. 
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SliCTlON XLV 

THE NITRATE INDUSTRY 

Kv (jhOM'kKV Martin, Ph.D., i).St'. 

El'l'KKA'lTJRE 

Nok’ION.- “('onsiilnr lu-pf>ri I'n t]K- I’tilisation ul Almo'^pherx' Nilrcycn.'’ Washington, 
1912. 

Np.wion.- /duni. Si'i. Chon. hvL, ipcx), 40S. 

.STUK 7 KK. Nilralf of Soda.'’ 1887. 

UlLlJNCllUR''!'.- Chrm. /of.. II, 752. 

Sir Wii.i.iAM CkOOKl-s.—“ Tlif Whrat I’rohlcm.'’ 

TtilEiK. “ .Saltjjticrwirischaft unil Saltpelcrpolitik.’* 1905. 

SODIUM NITRATE (CHIL!.: SALTI'ETRK), NaNO, 

Soi-iiUM nitrate occurs in ( normous quantities in the valleys ol the Tarapaca and 
Tacoma, along the roast of Chile and I'eru. Deposits also occur on the coast of 
I’lolivia. 'i’he whole district is now a desert (rain only falling once in three years 
<ir so), but signs of former fertility are evident. 

Th< main nitrate bed of Taraqaca is a.t miles wide, .and .diout atio miles long, slrelilimg ulong 
.the e.as!ern slope of the ('oniilleras and the sea. 'Die avenge dislance from tile se.a eiiast is 
14 ijnks, allhoii^h .some rirh di posits occur inland .is far as <)0 miles. The deposits arc some 
500600 ft ■’ itthtr Ili.ut the v.dley of the Tanl.rrag.d, ihe deposits thinning out .is the valley is 
afipro.iched. .11 nitrate r.iiiislniig .at the hottoiii. 

'I'hi nitrate (locally called “caliche'') forms a rock like mass 3-6 ft. deep: it is 
•rovereci over to a depth of 6-iolt. by rocky matter, which in its turn is covered 
(o a depth of 8-io in. by fine loose .sand. 'I'lie nitrate lies upon a bed of clay, free 
from nitrate, which covers primitive rock, 'i'he colour of the nitrate varies from 
jiure white to brown or grey. 

The crude caliche contains from 10-80 jicr cent, of NaNOj, much NaCI, a 
little K.NO3, some sodium perchlorate, NaClOj, and sodium iodatc, NKD. 

cauche containing 40-80 per cent. NaNO^ is regarded as of the best quality; 
75-40 [ler cent. NaXO, is .second quality caliche, while anything below 25 per cent. 
NaNO; is regarded as inferior quality. 

The ruhest hed.s, it is suiied, h,i\e hem praciically worked out, inti il is asserted that stifficienr 
c-aliclic still exisLS in Northern Chile and the neiglibnuring lands of iV-ru and Holivia to supply 
the world’s m.arkcts for another 100 years at the present rale of consumption. 

The caliche i.s worked for refined nitrate on the place.s of production in about 
one hundred and fifty farlorie.s. 'J'he ground i.s broken by blasting, and the big 
fclockj are broken into .smaller ones by means of crowbars, and the lumps of 
•caliche are separated from the rocky over-layer by hand. The caliche i.s 
crushed into 2-in. lump.s, placed in long iron tarfks bealcd with steam coils, and 
is there boiled with water. The earthy residue is lelt on n false bottom about 
1 ft. from the real bottom of the tank, while the mother liquors, eontairing the 
NaNOj in solution, are run into the next tank. The extraction of the caliche is 
■carried out systematically. 'I'he tank containinie nearly e.xhausted caliche is treated 
with fresh water, while the liquor from this tank is run through a y-in. pipe into 
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the second tank, where it meets with a partly extracted caliche, hrom this, still 
rich in nitrate, the mother liquors pass on, finally emerging from the last tank of 
a battery of fix filled with freshly charged caliche. The hot mother liquors from 
the last tank, at a temperature of 112”, and containing about So lbs. of sodium 
nitrate per cubic foot, are run off into the crystallising pans where, after cooling 
for four to five clays, much nitrate is deposited 111 a crystalline condition. 


'Ihc molluM liquois iiciw rontaii) nbmit 40 lbs. of nitiaU' |ii’i cubic foot, ami arc -st’il in the 
svslcniiUK hsiviatiun of Ihe caliche described above, being mil (in addition to tlie weal, liquor 
from Ihc final exh.aaslioii of the caliche) on lo tlic siil,sequent caliehe. Ibese mother Iiijiiors, 
hnwL'vrr, uiiitain much iodine m ihe form of sodium iodatc, fiom \\hich tlu- iodine musl tiist 
l)c recoNort-d in the manner d<-saihcd in Uie section on Iodine in iln^ Vnlumc, p. 407. iTom Uic 
iotliiu* house the inoUuir luiuors arc passed on lo llic hxiviatm^^ tanks, to i>e used once more, as. 
ul)OVe descnlteti, in c\lracUn^ crude (.dirhe. The iodim iccoM’ied in this way is now an im]>oitanl 
ailule iifiommeue. 


The crystals of nitrate deposited in the crystallising tanks are covered with a 
little water, drained, and allowed to dry in the sun foi five or more days. 1 hey 

have then the following composition 

r.est Quality. Second (iiade. 

NaNO, - - - 9f) S 95 -^ 

Nal'l - ■ - e-T.S 

N.i..S( I, - - o 4 i 0 7 

II,b - 2 3 


About I ton of coal is required for the production of 7 tons ol nitrate. 

This 951/1 per cent. NaNO., is shipped, and can he used directly as manure. 
About 20 jicr cent, of total expoit is used for the niaiiufaetiire of nitric acid and 
other nitrogen compounds. 


'I he ■,ec<iii(l gr.ide qs per cciil. NiiNl), cnntiiins (,is is eviilelil fi..m .i 1 «ac iin,ll)sis) much Nat 1 , 
ami semcliims a Iiltb- KN'O, ..ml sodium pcrrliloi.-iu-, NaflO,, Tbis l.nie, Mibsl.vmc is especially 
uiulesir.ible in nianurial mtrale, us it acts a.s a poison lor |)lalils. I lie mliale is iisimlly v.ihiul on 
the basis ol Us nitrogen conleid, the pure mtrale coiil.uiiiiig 16.47 I'er ccnl. N .igainsl ij.Sy pet 
cciil. N in potrissium iiilr.ite s.dtjjctie). 


Properties of Sodium Nitrate.— ’Hn. substance futms (olourless trans¬ 
parent anhydrous rhombohedra, whose lorm closely approxiiii.ates to cii es (hence 
the term “cubic nitre"). It fuses at 516”, and at higher temi.eratures evolves 
oxygen with formation of nitrite. At very high temperatures all the nitrogen i.s 
evolved, and a residue of Na.O and Na._,(),. is left. The salt, w/m, ,,mk pre Jrovi 
chloridi-^ 0/ calcium and mas^iiciiiim, is not hygroscopic ; as usually olitained, 
however, it is slightly hygroscopic. One lumdicd jiarts of water dissolve ; - 


Tenipfixiiuif 

- 0" lo" 

15- 21' 

2 <l'' 

36'’ 

NaNi>., 

(A*; 70.? 

So (• S5 7 

02 9 

99.4 

Statistics. 

'The shipniuMiLti of sodium nitrate 

from 

Chile 

rapidly increasing 

as the follovviiig figures show :— 



Ye:u. 

Tons (Mftnu). 

Year. 




25,000 

1009 


■ 

1S71) 

150.0fK) 

I()lO 




IjOOO.CXXJ 

191 r 




1,400,a)o 

1912 



l<juS 

1,746,000 





51' 68* 

I ij G 125 -1 

and Teru are 


Tons (Metnc). 

2,IOO,CXX^ 

2,274,000 

2,400,000 

2,542,000 


In 1912 the 2,542,000 tons of nitrate were divided among ho following 
countries: United Kingdom, 5.60 per cent, of total; (iermany, 3, 30 per (lent.; 
France. i.!.3o per cent.; Belgium, 12.2 per cent.; Holland, 5.(;o per cent.; Italy, 
2 per cent.; .Austria-Hungarv, 0.25 per cent.; Spain and Portugal, 0.50 per cent.; 
Sweden, 0.15 per cent.; United States, 22.2 per cent.; Jaiian and other countries, 
3.60 jier rent. 


In view of Ihe rapidly increasing ileiiiand for sodium nil.ate, there is grave doubt as to the 
licsibilitv of anv grc.it extension in the demand being met liy tlhile. Tile caliehc beds are spreiiit 
over gre.it areas in a deseil region, wliere luel and w.uer are expensive, and are not unilorm in 
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quality. The richer and more e.isi!)’ extracte<l nitr.ite, the first to he worked, is staled to be 
confined to the valleys of the Tarapara and Taroina, and, it is ii'^serted, wii! not last much lunger 
than 1923 at the present jalo of inereased estraclion. 100-150 years is the limit assigned for the 
working out of the less vuliuible iieds in the hands ol the (lovernment. However, it must he 
remcmhcrecMhal jierferlly enormous sujiplies of inferior nitrate temain in tin* soil, now regarded 
as not w'orth working, and possibly \silh improved methods itiesc supplies will last much longer 
than the estimated time, in far', fresh estimates b\ competent scientists pul off the date of failure 
of tiic calif AC lieds for another 150 yems at least. 

Uses of Sodium Nitrate- —'I’lif niain use of sodium nitrate is for nianurial 
purposes, no less than 80 per rent, of total product bcinh^ used for this purpose in 
ic;i2. Of the rcininnin^f 20 per cent, used for niunufacturinp: nitrogen com¬ 
pounds, about T5 per cenL was used for making nitrie acid, and the remaining 
5 per cent, for inanufaclure of potassium nitrate (saltjietre) for use in the lead 
chamber process foi making sulphuric acid, and for other purposes as wtdl. 

For the mninifactiirt* oi old black gunpowder or for fneworks, the slightly 
hygroscopic nature of NaNO.. renders it ina[>plica!)h‘ as a substitute for potassium 
nitrate, IvNO.. 


FOTASSITM NITRATE, KNO, 

Potassium Nitrate, KNO.,, crystnliiscs in largo prisms, isoni()r[)hous with 
rhonilnc aingonitc, and so is sometimes known as “pnsmalic” saltpetre It is 
used principally for the production of bkick shooting powder and for fireworks. 

However, since the priHliudion of tlic new sinokrlcss powders, the manufacture 
of black jiowder has great!)' decreased, and with U the use of potassium nitrate 
lias also dtrrcascd. 

Manufacture. —flennan\ alone prcjdnces 20,000 tons of KNO;, and floral 
llriiain imports aiinualiy 10,000 tons, while o\ei 30,000 tons are ptodueed m other 
lands, almost entirely by the so-called “conversion jiroccs.^,” using as mw nialerial.s 
tlie {'crman potassium chlondc, KEl (mined at Slassfurt), and Chile saUpelri', 
sodium nitiate, Till'. procL-.ss depends iipnn the f,u t that uniler lerUin 

condition; /i' Umperaiiire and piessuie, solutions of polassiiini chloride, k(1, and 
('lii'e saltpetre, NaNd,, when mixed, undergo ,i double deeomposilion, sodium 
chloride l)el^^ deposited and potassium nitiate remaining in solution :— 

KCl ; iNPiNO, ^ XaCI + K\n. 

This euinersion takes jilace all tin* more readily because K\(), is iiuich more 
soluble in hot ami much less soluble in cold water than is sodiimi nitrate, too g. 
of water dissobe ■ - 

KN'O. N.iXO. NaCl. KCl- 

Ai 20 yr g. X 8 ", ;S 34 g 

,, ic« V. a.)!, k. i;(,S'l.tig- 56 -. 51 !' 

The potassium nitrate thus oblained is e.xoeedingly piiie. 'n fact, that tcclm'cally 
produced for the manufacture <il blaek [lowder must not contain more than 0. i 0.05 
jrer cent. Na( 'I, 

The process is tkirried out us follows:—In a large iron pan, provided with a 
stirring apparatus and indirect steam lieating ariangement, there is added iSS kg. 
pota.ssium ehloride (XX per cent., containing NaCl) and iXo kg. Chile salliiefre 
(95 per cent.) and 160 kg. ol mother liquors from a previous operation. The 
solution is boiled by indiri'ct steam. 'I'he amount of water jiresent is not 
.sufficient to di.ssolve all tlie difficultly solulile NaJ '1 jiresent, whereas the readily 
.soluble KNt)., at once goes into solution. The iiiiiud is filtered hot, and the 
residual salt, after covering with a little water and diaining, is sold as sueli^ The 
hot mother liquors are allowed to eool, when “raw’’ KNO,, crystallise.s out—still in 
a cnule state, however, containing several jier cei^t. of NaCl. 

The crude KNO., i.s once more dissolved by liot water, and .Showed to crystallise 
in copper pans jiruvided witli stirrers. “Refined” potassium nitrate is thius 
VOL. I. —28 
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(ibtainL-d, whi< h, after passiii}; through a eeMitrifuga! machine, washing with very 
little water, and drying, is almost iiuite free from NaCl. The various mother 
liquors resulting from tliese o])erations are evaporated and added to the mother 
liquors for the initial treatment of the KCl and NaNO;; as above described. 

There is thus Imi little less, tiUhoitgh tile caieiuni ami magnesium suits winch gnifhiany 
acctniiuliite in the ineliier lujiiors must from lime le time be reinevetl by tile raulit„'ls atUhlion 
ef seduim L.trbeii.ae. Semetmics a ceiisvlcr.ible iimeunt of sodium perrhlorale, Niit’lO^, and 
sodium iediite .u euiniii.ite iii these mother iitpiors, .and oecasitm.iily they aie uoihed up for 
pcrchlorute ttnd ioiiuic. 

Ihilassiuin nitiate, KN'O.,, is one of the oldest known salts of jiotassium, and 
is characterised by the fact that when mixed with oxidisablc matter it gives rise to 
readily inflammable products, .such tis black powder ami mixtures used in fireworks. 
KNO,, is the final result of the oxidation of nitrogenous organic material, and so it 
is steadily produced in the soil from decaying organic matter by means of special 
bacteria. It thus occurs, togellier with other nitrates, as- an cflloresci-ncc in the 
soil 111 tropical countries like Hengal, Kgypt, Syria, Persia, ftimgary, etc. In 
India, and especially fieylon, considerable quantities, e.g , 20,000 tons per year, of 
pota.ssium nitrate are obtained by the li.xiviation of certain jiorous rocks, which 
yield from 2.5 fi per cent, of their weight of nitrate. 

WliftiiLT (liined from u>cks or from < Illori'sctTKcs in ihe soil near st.ihlcs, utin.iK, t-lc., the 
nilratr* is irn.in.ihly prodm al liy ilie lU-ray ot nitrogenous oigainc material, timt into ammonia, 
an<l later, Uy osulation, into nUrtnis .ind nilnc acids, whudi, in tin- jiiesemT (rf alkali, pioducc 
jiolassium ml rain. 

At onr tinu' much ])C)tx^ssium nitrate wa'^ productHi in rairujn; !)y thi.* Govern¬ 
ments of the diffcnail cmmlnes for supplying thcmsi-lvc.s with tiic rtecessary 
nitr.itc for making gunjiowder, the ojicralion being carried out in '"saltpetre 
plantations" 

i'oi tills jiurposf introgcnoiis orgami m.iltcv of amnial '>i icgct.dilc origin was allowfd pi jmiicfy 
by t‘\pos!irt' to air in a dark place ; il w.ts then mixed wiih lime, inoilai, aiul wood ashes (eoiuuiniiig 
s,ilts of jiotassinm and soilnini) and hea))ed iipo low mounds. These aveie lell cxjiosed to the 
air, being moistened fioin lime to lime by mine and the diain.igr* from diing-heup'. 

.Miei a eoiijdo of years the outer surl.u’e of the sailjietii- earth was remo\<-<i. and the nitrates 
e\tr.uied b\ lixiviaiion with water. '1 u the solution pot.issimn earbon.ile w.ib .idded, and on 
roiiteniratioii ami tillering from llie ]>rcci]ul.ited c.deium and ni.ignesiuin s.ips, the clear solution 
was e\apoiated lor KNO;. 

This indiistrN’, how e\er, since tlie introduction of the rlie.ip i\aN();, has ahn'i'.f entiiely eeasrcl, 
the KN()_ being now made from the NaN'O. b\ the eoinersion proiess dc.sLiihed .ibo\c. It is 
possdik tli.il, in a modified form, tliis cAd indusUy may revive. 

'i'liiis Muni/, and Lame (Cew/*/. ii'iid.. IP05, 141, ISUi ; igoG, 142, 4^0, i^^q) impugnated jicat 
with sulf’Kient lime io combine with the nitric aeul formeii, anil then iiioeulalcil u wiih nitrifying 
bacteii.i and })assed through il a 0.7s per cent, solution of ammonium sulphale (NHjLSOj, 
at 30" (',llicreby obtaining a i p< r cent, solution of calcium nitrate. ('a{.\ 0 ,)._.. 'I he bacteria 
would oxidise (juu'kly onh’ tiihih' solutitm of aini..onium s.ilix, hut oven 22 pei cent iiilr.ite in ihe 
solution <lid not interfere with the ptocess. ' ioiisepuently. by '^ending the ammonium sulphate 
.solution live times through the peal beds there was finally oblained a soUuion (onlaining 41.7 g. 
of ('a(N(,).),, per Utie. 

Yield. —6..q kg. of Cii(NO.,L in twenty-four liours per cubic ineUc of jieal. Tlie old saltpetre 
plantations yielded 5 kg. KNO.; m two years per cuine niciu*. 

Rrof'crlics —White soluble cry.tills which readily dissolve in water, jiroducing 
a great lowering of temperature, a fact which was once utilised lor making freezing 
mixtures, too parts of water ilissolved :— 

Ti'miieriiiiirc - o' lo” 2o' 40" • bo" Sc" too' 114.1" 

KNU, - I.T.! 20j; 31.6 63.9 109.9 ibO 24I' .511 

The saturated solution boils at 114.1" C. A\'hcn healed, KNOs evolves oxygen, 
and so'IS a powerful o.xidising agent. 

Uses .—Chiefly for the manufacture of black powder and fireworks, but also 
for pickling or salting meal, lo which il imparls a red colour. It is also used in 
medicine and in the laboratory. 
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Calcium Nitrate, Oi(N03)-, + 4H,X), containing 11.86 per cent. N, is now 
made by allowing nitric acid (made by the electrical oxidation of the atmosphere) 
to act on ,limestone (see p. 446). At the pre.sent time it is being produced 
in r.ipidly increa.sing qiiantitie.s, and is now competing with Chile .saltpetre 
(.sodium nitrate) for manurial purposes. One great disadvantage to its u.se 
is its ver^ hygroscopic nature; it is too readily washed from soils without 
complete assimilation of the nitrogen. It is now produced in Norway on a large 
scale; it is put on the market in coarse lumps, in a partly dehydrated condition, 
containing 13 per cent. N., being sold as ‘‘Norwegian saltpetre,” or “nitrate of 
lini('.” It is largely used for ])reparing barium nitrate, Ha(.S' 0 .j)^, and ammonium 
nitrate. 

Ammonium Nitrate, (NH,)jNf).,, is a iiruduet of im-reasing iinpurttinee. It 
is used in large (painiities for the manufacture of certain .safety e.xplostves, being 
especially suitable for this |Hiri)Ose because it leaves no solid re.sidue on exjilosion, 
and develops heat when il ileeomposes neeording to the eijuation :— 

a.Mt.N’O,, - ,V, i 0 i 2lhO. 
also for making iiitioiis oxide:— 

MijN'O, - y.f) + all„<>. 

Manujiuiiire,- \i may In produced by leading vapours of ammonia into nitric 
acid, using synthetic ammonia and Ostwald’s nitric acid (see p. 448). 

ihf ])iiKiiii‘ti()n 'if ainnniinnin iiiiratc l)v ()s(ual(rs pinct'ss of dim llv ovidisint; the 
amnioni.i lo aHiiiioniuni nilMie hv caialylit jil.Umiini, ihe leader •should see I lie follow injj patents; — 
Kri'.dish I’ateiiis, 6‘).S and i<>02; 7,i)oS. 1008; Ameiic.tn I'aielit, 8^8,90.], 1907. 

j'‘oi a descnpiton of lln- prucoss s.ee Osiwaltl, />W,^c w. HiiUcnni. Rttnd^,han. 1906, 3, 71; 
see also Kaisci, haiLdisli I’.Hi nl, 20,305, lOiO : also Sehniidl and Bocker, JUi HKid, p. 

Kr.tnk anti C'ani (I). I'i. 1 '., 22^, ^29) ])i<i)iosi in nsi iht)i luiii oxide as tin ealalysi. M. \\’erninner 
{Chnn. /lii'.. ion, p 456) su^j^a-sK niaiiinnt coiiijMiunds ,1s ealahst. 

Tin 1 ii'iitsclieii Aninioiiiak-V’erkaiits \ I ii‘iniounj4. in Boctunn, pioiluei d By Osiwald's pideess 
in ifioS. iof'.; 1900, lAiof) loiis ; loio, 1,237 loin. 

In loi^onf ’im alone m t.ennaiik t mialc that tlu} will piodm e I'lo.ocx) tons aiinuaiiy of lliis 
dmiin nilrate by lliis jiioccss. 

'I'r.iidiL' nid Bill/ (Swedish I’.iieni. 8,044, oMiiise .imnionia y,as by cheliolun oxygen, 

usin^ as c.U.iAsors T' 'pp< i h\<iro\n!e, and i iann an excellent \ leld. 

Sieim ns ami I laisl.c ( 1 ). K 1 ’., 81;, 103} o\i<lise aninioma "as by si 1 1 lit eli ri ncal tlisehai^es, 

Nilhack elcclmlvses u.iter, eoiuamin" niii<i"en, dissolved uiiiicr a piessuie of 

50-100 alinosplit les. 

The bulk ol the iimmonium nitrate at the time of writing is made, however, by 
treating caltiiim nitrate (made as above described) with rather less than the 
equivalent quantity ofammoniiini suljihate :— 

• e.gNO.g ~ (NIIj)„.SOj -- C.i.SO, I sNIIjN’O, 

(see Wedekinds patent, I'.nglish i’alent, 20,907, lyog). 

The yii'ld is ijuantitalive, the CaSO^ being removable without difliculty. 

For a conqilete summary of patents see Zdl. j;csamm/. Sc/ici'ss. 

1914, 9. S'- 

kcpirdinj; the maniifacliirc ol ammonium nitiatc Cmm calcium nitrate the rt'.ulei should 
consult the patents .—Dyes, Kni;lisii ikutiil, 15,391, J90S; and Wedekend. Kni,dis]i 

Ikiumt, 20.CI07, 1009. 

The Nofsk i I wIro-IODUlnsk-Ki.iclstof-AktjfsfUhah (D. R. !*,,20(1,949 of 1907) prepare ammonium 
nitrate liy le.idtnj; nitious ^^ases ihiouj;h calcium ryanamidc : — 

CiiCN, -i 2114) + 4UN0,, = c:u(NO,4.. I ^.n,, r jND.Nn,. 

See also the I'Kiicli Talent, 417,505, of iQio; English T.ncnt, 19,141, of 1910; t’oison, 

1 ,'he///. Jnd., 1910, ]>. 189 ; (.ianow.iy, English Talent, 7.ob6. 1S97. 

Preparation of Ainmouinm Nihntc hy tlh Ammonia Soda In 1875 (jcrku h (ICngHsh 

Patent, 2,174) attempted to jiroducc ammonium nitrate I.'m ammomum carbonate and t'hde 
fialtpetre aceonlmg to the equation : — 

NIIjIICO, I NaNfJ, 4 i::t.NaHCl),, + NIbNO., 
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The i>H)CC"js, hn\vcvL*r, f;u!nl on accnim! of tiie incompk-K- fU-composUion (^cc Jouru. Soi* Chtui. 
lud.^ 1889, p. 

Till.- following; patents l)cai- on this: -l.esa^n* iV (’u. (hrcnth I'atent of 20l}i Jan. 1877), Chance 
(Enj^hsh I’alenl, 5,919, 1SS5), Kaiilcv (I).K. 97 > 4 ^t English Patent, i,68(*-, 1S96), ij\ 
lainge (“Sulphuiic AckI ami Alkali,” Vnl. HI.). Feld (English Patent, 5 , 77 (J. 190O; Ameiican 
Patent, 8.59,741 ; D.K.P., 171,172, 178.620} has iccently improved the pimess. 

The tiieoi) of llie process, accnr<iing to tin Piiase Paw, h.is been woiked out in fiill'ky I‘‘edoticfi 
an<l KoUutu'V, A/A-. nnor;^. Chon., J914. 85, 2.^7-260. 

Nmmimis .itteinpls li.ive laeti inadi, to realise the prmluetion of ammonmni niti.ile fomt the 
ctiualion : -- 

2NaN{), •! (NHikSf), - Na.SUi 4 2NH,A()., 

Comirninp this the follovsing j^alcnts should la consulte<i : Uolh (D.K.P., 48,705, 55,364, 
55,155, 14(1,026). E. Henket (D.K.P., ()<),I48), T. I•'anle\ (Knglisli 1 ‘alent, I.OO7, 1896), J. \'. 
Skoglund 127,187. j<ioi). E. Khiuiuaiin (D.K.P., i<)6,740), ('as}>.iri, Nvileggct, .tnd 

(h.ldsDmiidl (AnieiKan Patent, 864,515; D.K.P., 184.144), C. Craig (English Patent, 5,815, 
1896; D.K.P., 92.172}. U. Lenno\ (DK.P., 96.689), \\.dileidierg (E.nghs,h I’atenl. 12,451, 
1889), CainjiioM and Tenis(in-\\finds (English Pafini, 15,726. 1890). 

Animoimiin niliate is estremeh soluble m w.iiei and hsgiosnipic These jiioperties mitigate 
to some extent against its useluhiess as a inanuie. When dissolved in u.iiei a lovvenng of 
tenijieiatuu up to - i<).7' ('. is ailainahU t>\sing to Us gteal sohihihiy in watei it cannot he 
inamdac luiLt! !>} the dfnihle deioinposilion oi sodium mtiate with ammonium salts. 

Sodium Nitrite. NaNO Some 5,000 tons of this subslance are now annually 
])rodui'ed foi the purpose ol dia/otis.alion in llu niaiuifacUne of {l)es (see Martin’s 
“industrial (.'hentislry : Organic”). 

Until tecently it was mad - sok-ly from ('hih- saltpetre l>\ Iieatinu with metallic 
lead to 450" Cl. :• 

. Pl> ^ iN.iN't I Pi>D 

See J. Turner,/fw/v/. Soc. C/irm. hid., 1915, 34, 5.S5, lor details. 

At the [iresenl time it is now almost e\flasi\ely produced iiy the cheapei 
process of h-ading the /aV nitious gustos ('oniing from the furn.Kc.s for the manu¬ 
facture of nitric acid h\ the llirkeland-lCyde luocess (p[). 443 44!^ up a lower down 
which Streams NaOH or Na-CXh solution. “ 

When tile hot nitrous gasi s from the furnace are thus treated'when at a 
LemiicraUire of 200 300 (when they consist of a mixture ol NO and NO., 
molecules), ilu'fe is ptodiu-ed a nittati free sodium iiiltile, NaXO_,, winch is now 
manufactured m tins way in (dliristiansand. h'or hnlher parta-ulars set' \>. 447. 
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SliCTION XLVI 

IHE NITRIC ACID INDUSTRY 

Rv CiKOKHiKV Martin, I’h.D., D.Sr. 

LITKKA'JTJRK 

A. W (‘KOS'-irv. “The Cti!i‘<.iiion i)f Almosjjhriic Nitrogen ” (IhoipieC Uiciion.iry of 
Appliei! (Ticnnstry," \'o!. III., p. (198). J<)I2. (An exLcllcnl .icconiit.) 

T. R. N'oK'idN. “Consular Kepoi'i on ihe Utilisation of Atmospheric Nlirogen.” 
VVnshingtoii, 1()12. (Civcs Nt.itistirs.) 

j. “The I i\.uion of Atinosphi-rir Nitrogen.'’ I<)14. (Ci\'es much of the 

itliTalure.) 

UoNA'iH .md Indka. — “ 1 )if Osydation dcs Amnioniahs yu Salpeietsaiire unci Salpetrigcr 
Satire." 1013. 

l>o\Aiii anil i'ki'N/M “ Die lechnische Aiisnut/ung des alinosphanscTien Stichsioff.” 
i()07. 

Rs'Akii. i•abru•alion CcctrochcniHjiie <ic PAcHle Nitriguc et des Composes Nitres h 
I'Aidi lies Rlrnienl.s de TAir.'’ I’.iiis, iqoO- 

Carh. ('hrii’iml 'J'radi /oumn/, H)nt), 44, 621. 

IlAHhk and - /eihJt. Eh ktro, hnu .. KtlO, 16, 17. 

R Knm’RN Stfvii. “ JToiliuiioii of Nmales Iroin the An," Jonm. SO' . Cheni. bid., 
•SV--’ ilho nHii>n-OH‘. rfl(rcnic\ in text. 

MTRK' ACID, HNO, 

WniiiN the List thirty to forty years a very r;reat change has enme over the 
eharartcr of the nitric acid manufactured. At one time the only acid placed on 
the marLi t was an acid of 55-68 per cent. UNO.. (1.35-1.41 sp. gr.), and the some¬ 
what stronger “red fuming” acid ; at the iiresenl time the hulk of the nitric acid 
made has a strengtli of 95 jier cent, ami over (i.5-1.52 sp. gr.). In order to 
produce an acid of this .strength very eonsidemhle dilifirultics have to he overrome, 
since 100 ])er cent. UNO., is only stable below 0° C., and begins to boil at 66“ 
evoUing led lumes and partially decomposing according to the equation 
• allNO,: ~ Nf) I N(Ls-(K | Il„<). 

As the nitrou.s gases escape the boiling point of the acid ri.se.s, and it i.s only 
wlifcii a liijuid containing 65 jier cent. UNO., {1.4 sp. gr.) is attained that the 
mixture distils over unchanged under atmospheric pressure at 120" C. These 
difficulties are now almost comjiletely overrome with modern apparatus. 

Nitric acid is now made on the large scale by three distinct processes : — 

(1) Maniifaclun from Chile Saltpetre and Sulphuric Acid. 

(2) Manufacture by Electrical Oxidation of the Atmosphere. 

(3) Manufacture hy Catalytic Oxidation of Ammonia. 

We will consider each process in detail. . , 

(1) Manufacture of Nitric Acid from Chile Saltpetre.— Nearly equal 
weights of Chile saltpetre, NaNOj, and “oil of vitriol” are heated together i^large 
iron retorts, often capable of holding some 5 tons or more of the mixture. The 
quantities taken correspond to the equation :— • 

NiiNO,, -I H,.SOj = UNO; 4- N.sIlSCV 
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This rcartion is, carried t(i completion al a lenipeniliire under 150* C., thereby avoidin;^ mucli 
loss by decomposition of tlie nitric acid. A much higher temperature with half the amount of 
sulphuric uci<l is necessary to cause llic formation of the neutral sulphate, according to the 
equation : — 

2NaNf). 1 ^ Na.,S<), 1 zHNO.. 

Tiiis lattei action, howevei, in tiie iiest practice is never used, because the high‘temperature 
necessary to complete the action causes a Nery considerable decomjKisition of the nitric acid 
formed ; also the neutral sodium sulphate remaining sets to a solid mass, and cau'.es great difficulty 
as regatds removal from the retort; also the action lakes a mucli hmgei lime to cooiplelc, and 
requires more fuel. 

JRy working not much ovei 150” C. and using mrire stilpiuiric acid, as coiTCs|>onds to the first 
equation, the “ bisnlphaie*’ ts obtained as an ea.sily fusilde mass, which is withdrawn iu a fluid 
condition fiom llic letoit merelv In opening a plug at the base. However, in actual practice, 


A 




light towards the end of the action the tempcratuic is raised somewliat, when the bisulphalc 
foams somewhat ami is probably converted into pyrosulphate, thus : 

uNallSO, - Na,.S,.C)- I 11 , 0 . 

Thus pyrosulpliate (or disulphate) is run ofi in a fiuid condition into iron pans, where it 
solidifies and is usc<l for the inaniifaclure of normal suilium sulphate by iieating with sail, NaCl, 
in mechanical sulphate furnaces. I’arl of this “nitre cake,” as the product is called, is now 
converted mto sodium .sulphide, NsuS. 

The kind of sulpluiric add used varies wilh the natuie of thti nitric acid it is 
desired to produce. For a dilute nitric acid of i.35-1.4 sp. gr. it is sufficient to 
use 60’ He. (141° Tw.) sulphuric acid direct from the Glover tower. The first 
distillate will be strongest! and the last nearly pure water. Should, however, a 
stronger HNO3 of o\er 1.5 sp. gr. be required (as is now nearly always the case), 
a more concentrated 66° Be. (167° I'w.) sulphuric acid must be employed, and the 
NaNO.) is often previously melted, 

Exces.s of ilrtSOj bid, for allhoiigh it does not injure Uie quality of the HNO,, produced. 
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yet it diminishes the value of the NallSOj or Na.jS207 (nitre cake) produced as a by-product for 
the manufacture of sodium sulphate. 

We have seen above that when nitric acid boils, a mixture of NO and NO.2 
gase.s i.s produced, and the NO„, conden.sing, would cause the nitric acid produced 
to be‘contaminated with nitrous acid (aNOj-hHjO^HNO.^ + HNO.,). Thi.s 
contamination may be very simply avoided by keeping the condensed di.stillate 
hot u;,iil it escapes from the cooling worm, or else by blowing air through the hot 
acid by means of an injector. 

The plant used in practice is shown in Kig. i, which shows the usual 
cylindrical cast-iron boiler b, the sulphuric acid and nitrate being introduced at 
K, while the nitric acid distils away through a. Such a cylinder will hold over 
5 tons of the mixture, and is heated over a free fire. The cast iron is .scarcely 
attacked by the nitric acid vapour. 


SC*iC 


Ot'*:t*S6789 




J-'li.. 2.—Oiiullon*'. Nitric Acid Condensing I’hinl. 


• 

The retort is emptied after the distillation by turning the screw stopper d, when 
the fused l.)i.sul})hate and pyrosul[)hate pours away through the trough c into an 
iron pan K. 

Koi sery small inbrallations bometimes an eartheriwarc “ p«a ’’ retort is used. 

Since the specific !!eat of strong nitric acid is .small, the tuel consumption foi distillation is low; 
the condensation of the vapours is readily efiected. 


The condensing arrangement consists of a series of earthenware or stoneware 
vessels, pipes, etc., which are iuti;d together by means of an asbestos water- 
glass lute. 

Fig. 2 shows an air-rooled condensing arrangement made by Poultun Cv Co., of Lambeth, 
Ixjndon. A is tile still head, the nitric acid from which passes into a preliminary stoneware 
receiving vessel n, and thence into a scries of air-cooled vessels n,. c i.s an earihenwarc ftndensing 
worm immersed in a cooling lank c>f water, while D arc conden.sing towers, usually packed with 
glass balls or cylinders, or sometimes provided with p tte columns, down which trickles water to 
ab-sorb the last trace of free acid. * 
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Fip;. 3 showi a “Ciriesheim” condensing system, much used in Germany. Here the nitric 
acid, <listilling out of retort a, passes flr^t into 15 and then into an earthenware condensing coil K, 
siiinchng in cold water. The va])uurs then pass through the pipe F, through a series of earthenware 
receivers, and then into the plate column condensing lower 

First of all, at the lowest temperature the .strongest acid distils over, contaminated, however, by 
HCl, N 0 .>C 1 , and 'similar chlorine-containing volatile comjxiunrK. Next, there distils ove-4 the main 
quantity of strong acid, fairly pure, but contaminated with red nitrous fumes. To oxidise these 
a stream of hot air is blown in at L 

In some forms of appamtus Oscar Guttmann'.s) llic oxidation is nuttjmatically effected by 
causing tiie gases coming from the still to iias.s into an enlargement in the pipe, where they produce 
an injector action and suck in a quantity of air ihrougli perforations in the .socket pipe, thus causing 
oxidation of the nitrous to nitiic acid. 

The air not only piinfics the c<mdensed nitric acid from nitrous acid, but also frees it from 
volatile chlorine compounds, such as KOjCl. by regul.iling the temperature of the water in which 
the cooling coil k (Fig. 3) is immersed, the (juality of the acid collecting in 1. can be also legulated 
lo some extent, and the acid can he wiliidrawn in successive fractions as jl comes over into llie 
receiver < . In the tower i. (Fig. 31 all the nitrim.s fumes finally escaping condensation are 
absorbed iiv the down-streaming w’.itei, so as to form a dilute nitric acid of 1.35-1.30 J>p. gr. The 
water enters at h. 



I'l'.. 3.—Tht. (iiieshiiin Nitric \cid i’lanl. 

Other exeellenl conden.siiig xystenis have lieen devised by Hart, 'I'honlson, and 
olhei.s. 

Valentiner's Vacuum Process. —In this proecs.s liie outlet |)ipe fiom the 
still ])as,ses into a smtill receiver, half filled with pumice srone, so that any acid 
or .solid comine over as spray or foam from the still is retained. The vapours then 
jiass on through two water cooled stoneware coils arranged in series; the vaiiour 
is next passed through two separate series of reeeivers. 

Here, by means of a three way ta]), the eondensed acid may, either at the 
beginning or end of the distillation, be collected in a large receiver while the 
concentrated </> ])Cr cent. HNO,,, coming over intermediately,,may be collected 
in the separate receivers. From these reeeivers the vapours'pa.ss into a reflux 
condenser consisting of an earthenware coil immersed in water. 

Next, the vapours pass through eight receivers, alternately empty and half-filled 
with water. I'inally come seven receivers, alternately empty and half-filled with 
milk of lime, which removes the last traces of the nitrous gase.s. The last receiver 
is connected with a vacuum pump. 

Thus sy.stcm otfer.s great advantages, since the decomposition of the .strong aci<. is largely avoided 
under th^dmiinishe<l temperature of distillation, resulting from the diminished air pres.suie over 
the still. The time of distillation is also greatly reduced, thereby causing a great .saving m fuel. 
The process is gaining ground, since no leakage of injurious fume.s and a larger and purer yield 
of acid IS claimed. The fiAst cost, however, is heavy (see United Slates I’atent, 920,224), 
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(2) Manufacture of Nitric Acid from the Atmosphere— The atmos¬ 
phere contains about 4,041,200,000,000,000 tons of nitrogen, together with about 
•one-frfth this amount of oxygen gas. 'I'here is thus an inexliauslible supply of 
nitrogen available for conver.sion into nitric acid or nitrate, and thu.s available for 
inanuria* purposes. 'I'he nitrogen in the air over a single square mile of land 
amounts to nearly 20,000,000 tons of nitrogen—.sufficient, if suitably combined as 
nitrate nitric acid, to suiqily at the present rate of supply the world with manure 
for over half a century. 

The pro!)!cm of cliretlly unilin^ llic ovy^t-n und nilroy;cn of tin* air to form niliic arui and 
■nitraio first SDlvfd in a Cfnnmercially sucicssfnl form in 1903 by Hiibolanii and Kyde. In 

1007 they c^lal>li^il<.••d a factury at Notodden, In Noiway, tiiilisiti},; the 40,cx)() II.I*, there 
available from walerf.ills In llic same year the ii.uiisrhe Anllin- und So<)a-Fabiik built an 
exporimental works at C'hrlsiiansand, in Norw.iy, anti an .Tgieomonl was come to between the 
interested firms whereby a o<mipany posscssint; a total capital of 34,000,000 kionen oume into 
csistcncc, wliich in lyu openoti a lar^e works on the ls]ukan Kails, near tti Notodden, with 
125,000 II. 1 ‘. llowf'ver, the Badisrhc v\nilln- und Sotla-Kalink iiavc since wiihdiawn all llicir 
ca))ital from llic concern, scllini.; all their rights in liie maiuifacturc of tiitric acid from the 
.ilmospherc to the hrencl; Scandinavian ('o. 'Die cause of this is jiossibly the pcifection by 
ithe B.A.S.J'. of ibcir process for making svnlhelic ammonia clie.iply ami llience oxidising it into 
nitric acid (see ji. 44S). Other works aie building or aie built in Norway anti Swetieii, and 
similar factories, using thfferent systems as liescribed below, lta%e come into existence at Innsbruck, 
in Italy, France, tlie United .Stales anti other countries possessing considerable water power for 
the generation of electrical powei. Allogethei the ifulustiy is now well eslablishefl. 

At the prescni nine, however, i 11 . 1 *. per year can tmly jrrodure .Ui ton of nitrate per 
year. There aie, it is calculated, some 5-6 niiilioii 11 .!’. available in Norway, anti some 50,000- 
bo,000 U.l*. avaihililc in Furopc. so th.il wetf it possible to harness all this powt'r foi the sole 
nuinufactme of nilr.ues from lire aii it w'ould be pt)ssibk- to pioduee some 50,ooo,o(X) tons of 
nitrate annualh. The amount now' protluctttl is fai under 2Q0,CK)0 tons annually. 

'I'he proct .ss adopted for making nitric acid from the air is to oxidise the latter 
by incan.s t)f an electric arc, whereby the nitrogen and oxygen directly unite to 
fnrm nitric oxide, NO. 'i’his latter takes up o.vygen from the air to form nitrogen 
[KToxide, and the nitrogen peroxide is then absorbed by water, with thi* jiroduction 
of nitric and nitrous acid. 

Theoretical. \\ . cm air is strongly heated, almospheric oxygen and nitrogen tlireclly unite to 
form iiitr_^ oxide, NO, .uHoidmg to ilu.- etjuaiion 

N., i- 0 . —2N() - 43,200 calorics. 

The p. jcess is re\crsibh“, and depends upon the eijutlihrinin represented by the cxjircssion ;— 


•’(NO) 

•wiu't" P re}ireseiUs the ]>artial pressures of the rcsjx'ctive gases, and Is. is the reactifm constant. 

AKo.lhe reaction is endo iliermic (or., the fffrmation of NO is attendc<l witli (he ab.sor])linn 
of hc'ai), and conse<juenllv is fa\ourctl liy a high icmperatuic, as is sliown by the following results 
<)f Nctiisl {/r?/. ano!!^. cV/rw., mob, 49, 213 ; Ziil. ‘hhhtro,)niii.^ 1906, I 2 , 527} inlerjsnlated for 
simplii ity 


Tempe ratine 

■c. 


Per Cent. Volunic Per Cent. Voluine 
NO Observed. ’ NO Calculated. 


1,500 , 

0.10 


F-S 3 ^ ; 

0.37 


1 ,(j04 1 

0.42 

CM 3 

1,700 : 

0.64 

0 67 

J,022 

0.97 

U.98 

2,000 

1.20 


2.307 

2.05 

2.02 

2,402 

2 23 

Jo 

2.500 ! 

2.00 [ 


2,927 ' 

5.0 (approx.} 

4-39 

3,000 

5-3 J 
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The second column represents the volume of NO found in loo volumes of air, which have beer* 
exposed to the temperature in<licated in the first column. The third column rcpre.sents the amount 
of NO which should have been found as calculated from il»e law of mass action and the heat 
of formation. 

It will Ijc seen from iliis that the reversible reaction, N^-j (X^~lZ!l2N(), is very incomplete, 
only a .small but definite amount of NO belnsj produced, the quantity, however, in<n'(^in^^ as (hr 
tempenittm' n\FS^ a very large cjuanlii\ ol NO being found aiiovc 3,cxx)'' C. Now Nernst and 
JelUneli .showed that the equilibrium, N.j + Oj^l._^2NO, is almost immediatt'ly estahli^hed (in a 
fraction of a second) at temperatures over 2,500', litil below this an appreciable time is rerpiired 
to establish e<juilibnum, hours being required below i,5a>". 

I'liis is clear from the following table, ctunpiled irom Jellmeis'^ results Chm.y 

190O, 49, 229)‘ 

Time of Formation of Half 
the Possible Concentration 
ot NO from Air. 


Si. 62 yeai.'i 
1.20 days 
2.08 min':. 

5.06 sets. 

1.00 X tO ' secs. 
'>. 4 > X 10 ’'’ sec-I 


Consequently, the decomposition of NO into N.^ and (h proceed.s so .slowly that its usolation is- 
possible in appreciable quantities, // (hr iooIih^^ to htlo'v 1,501/ C. iurnt-d out rapidly enough. 

To make this clear l<> the technical student, we will suppose tiiat (aci'ording to Neinst results 
above tabulated) aii is exposed to a temperature of 5,000'' C. Then in 100 vols. of this air will he 
found 5.3 voK. of NO. and this equilibrium will be established in the fraction oi a second. Lot now 
this 100 vol.s. at 3,000’ C. of an be suddenly cooled to say 1,500" C. Tiicn, according to the 
equilibrium conditions tabulated by Nernst in the above table, the 5 pei cent, of NO in the lOO 
vols. of ail will gradually decrease, according to tlie equation, 2N0^ J^N.^lO.. until, after 

waiting until cnmplcU- equilibrium is altumed at 1,500'’ only 0.1 jier cent. vol. of NO is 
left, as correspoiuis to equilibrium at this tcmperaiurc ol 1,500' ilowevei, to reach this 
eqiiilihiium at llie lower temperature rcipiires .some time, and if the codling takes place in a 
fraction of a second, piacticaily all tlic 5.3 {>er cent, of NO in tiie air at 3,(xx>'’ will K found in 
the air at 1,500° (as the NO will not have had lime to decompose), and if the air l>e kept for 
many houis at 1,500'’ llie percentage of NO will grailually decrease from 5 per cent, in the sample of 
air until it reaches that which corresponds to true eijuililiriuni at 1,500" C., vi/., o. I per cent. NO. 
But now '-upjiosc we do not stop tlie cooling process .at 1,500”, but cool it in a fraction of a second 
from 3,000° 0 . down to 1,000" ('., then piacticaily we will have 5 pier cent. NO in our sample of 
air at Koc»'' C., ami although the equihluiuni at this tempei.atuie requires that practically all the 

NO would decompose into (3 and N, thus: 2NO--N.j \ Oj, yet we wouhl have to wait years 

for this action to piocecd to completion, and so uc could keep our specimen of air containing 5 jier 
cent. NO for many hours at 1,000“ C. without much loss. • 

Hence we may formulate the conditions of practical .success for the isolation 
of NO as follows• 

NO is endoliierniic, and like olhei endotlu*rmic substances its >,lability increases as the- 
temperature uses, and il is ca|«l)Ic of existing in very large quantities at \cry high temperatures, 
such as 3.ooo“-5,ooo'' C. Il is akso capable of existing stalily below 1,000" (\, but is unstable at 
intermediate temperatures. Hence in order to isolate reasonable quantities of NO we must 
(i) cau.se the formation of NO to lake place at very Iiigii lemjieratiires. such as 3.ooo‘’*ro,ooo‘' C., 
when large amounts arc formed ; (2) then extremely rapmlly cool the NO forfned through the inter¬ 
mediate unstable range of temperature, 2,500“, to a stable low temperature, 1,000'’ C, 
If the cooling is effected ({uickiy enough, although .some of the NO is decomposed as it cools through 
the un.stahlc lower temperature, yet sufficient suivivcs Sf> as to make an appreciable amount .still 
existing at 1,000“ C., which then ceases U> decompose furllier. and so is available for convulsion 
into nitric acid. Now in practice the intense lieatmg of the air to veiy high lem|>eraiures such a.s- 
3,ooo"-5,ooo‘’ C., necessary to cau.se a rcagonuble o.xidation of the air lo NO, is always produced by a 
high-tension alternating current of s?imc 5,000 volts. 

This electric current not only produces the union of the O and N as a piu^cly thcimal effect, 
but also ir.nises the aii and causes a direct union by moans of electrical energy, much as ozone- 
is formed from fwygen by means of a silent electrical discharge. So that much larger quantities 
of NO are obtainable than strictly corrcsjiAids to the tliermal conditions Haber and Koenig. 
{Zfit. ElekUochem.^ 1907, €3, 725; 190S, p. 689), by means of a (relatively) cold electrical arc of 


Alisolutc 

'I'cm])LT,itiire. 


I ,(XXj“ 
1.500’ 
i,9(v^'’ 
2,100’ 
2,500" 
2.900“ 
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only 3|000 C., were able to isolate no less than 14.5 vols. of NO by mising equal volumes of nitrogen 
and oxygen gases together. The union takes place in the proportions and therefore the 

mixture of gases in the atmosphere, e.g., 21 per cent. O to 7S per cent. N’j is not the most favour- 
ahle mixture for the formation of NO. Technically, however, tlie addition of 0 to the .atmosphere 
ti> improve the yield of NO is inapplicable at present on account of cost. 

Foi ,^chnical success it has lieen found es.sential to use a high-Ien.sitm alternating arc. By 
employing a low-tension electrical arc (('.4'., such as is used for manufacture of calcium carbide 
or foi ordinary arc lamps) or by employing electiical .sparks from ti Ruhinkortf coil, only very 
small .1 mounts of NO were oblainahle. 

Anotiicr essential condition for technical ,succes.s is the sutldcn nnd r.ipid cooling of the 
enormously hot gas in the ate 3,001;“-lyjooo' ('.) to a temperature below 1,500“ C. 

W'o will describe only the following three electrical fiirnace.s, all of which have 
been u.scd ran a large scale with technical .succe.ss for combining atmospheric oxygen 
and nitrogen. 

(1) The Pirkela)id-Eyde Funuxes. 

( 2 ) The /’auHxx’^ Furnace. 

(3) 7 'he Schx’uherr l''uruace. 

(1) The Birkeland-Eyde Furnace.— I■'ig, 4 is a diagrammatic sketch of 
this furnace. The electrodes 
consist of two copper pipes 
A and It, kept cool by a 
current of water, and .separ¬ 
ated by 8-10 mm. They are 
connected with a high-tension 
powerful .ilternating current 
of 5,000 volts, which forms 
an arc between them. The 
arc is placed between the 
[toles of a powerful electro¬ 
magnet, which titen blows it 
out into a wheel-like disc of 
flame, 2 m. .1 diameter, 
comp; sed of burning oxygen 
itnd nitrogen. The whole is 
enclosed in a refractory 
casing, shown in section in 
Tig. 5 anti a general view in 
Fig. 6. The section, l''ig. 5, 
shows how air is blown in to 
feed the flame. 'I’he air 
cmers at a,.\ and pas.ses in 
through holes in the refraclory lining. 'The electric flame plays down the disc-like 
space cc, and the burnt gases come out at i) and then pass away to the absorption 
plant, as indicated in tig. 5. k,k are the wires of the clectrom.agncts. 

I'OV further ])articulars the reader should see Crossley, loc. cit. ; also the '/.lit. 
Etektrochem., 1905, ll, 253; liirkeland, Tram. Faraday Soc., 1906,2,98; Kydc, 
Journ. Roy. Sac. Art'., 1909, 57, 565 ; Scott, /»arv/. Stic. Chem. hid., 1915, 34, 114. 

fn spite of the Enormously high temperature of llte disc flame (nvei 3,500“ ('.), the temperature 
of the walls doe.s not rise above Soo' owing lo the cooling ellect of the current of ait. The 
temperatnie of the gases e.scaping from the furnace is 800 -i.txxi (.1. They contain 1.5.2 per cent. 
NO. in ipt>7 no less than thirty-sis furnaces weie employed al Ntilodden in Norway, each taking 
up 800 kw., and 26,000-28,000]. of air pet minute pass Ihrougli eucli iuruace. Tiie 40,000 li.I’, 
employed is derived from water power. Still larger iurnaccs taking J.otxr kw. are now in use. 
The copper electrodes Iasi 400-50x1 hours before they mu ,t la repiired. 

According to lialrerand Koenig [/.fit. Elektrmhem.. igib, 16, it) the Ijirkeliind-Mydc furnaces 
yiciti 70 g- of tfNO;j per kilowatt-hour, and the concentration of the N(r producci! is 2.0 per cent. 
It may be taken as approximately correct that E II. I', peryrai can proilncc about J-' ‘"'n of calcium 
nitrate. 

(2) The Pauling Furnace. —This is shown in Fig. 7. The main electrodes 



I' ll.. 4. -Uiagrammatic \'icw of the Birkel.tnd-Kytlc 
Klectric I'uin.icc. 
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li-.. V S( cli'in ihc l/irki. land- J ii.. (v. - - J-.xU'in.il \ u-w uf iht' 

1 uriidit*. l>)rkc]aiKl l.ydr kinnacc. 

at MN a \frtical hlot, ihrougli wliicli arc intrudurcd thin “lighting knives r,!'.” 
'Ihc^e “kni\cs’’ can be brought very i lose togelhei, 2-g mm., by the screwing 



arrangement and the arc, thus lighted at the narrowest portion of the spark 
gap, shows'a tendency to ri.se up between hh and kk, owing mainly to the upward 
pull of the hot gases, but is interrupted at every half period of the alternating 
current, only to be reformed at the lowest and narrowest part of the electrodes. 
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Through a nozzle c a stream of previously heated hot air is blown upwards into 

the arc, causing the air to diverge and form 

between the V shaped main electrodes a flame wjircs 


of hurtling () and N, sometimes a metre in 
length, 'i'he very thin ignition blades soon 
burn (iway, requiring re|ilacing every twenty 
hours. The main electrodes require leplacing 
every 200 hours. 'I'wo such arcs in series are 
contained in each furnace, which is made of 
refractory material. 

T!ie gases leave the riiin.ire :it u leniperature ol 
700'-Soo' C. (TuiKiining ])cr (.ent. NO. 'rwenly 
four of ihc^e (urtuiees, ahsoihing 15,000 11.1'., weie 
in ]<)il nl woik ul ralSblu iieui Innsbrui.k, by ihe 
Snljieterviaure Industrie (lesell.schuli, e.icli furnace 
lakin^t; 40.1 kw. at 4,000 voU-., and lieiuft su[)plic<l wiiii 
OoD cm. of .11) per hour. Mufh l.ar^ei fuinacfs oi this 
type are now bein*; erected ai works neat Mil.ui 
(io,fK)f) n.r.) and .11 Kociie de I in Soutli I Kinct- 

(10,000 n.l’.). 

AtTordiii^; to Haber am! Koenig (/rv.', Fh ://u. in'" 
lOio. 16, 11) the i’aulni” iuniacc prodiu es (*o g. ttl 
UNO; pet kilow.itldtoiii, the cst.iping tta-'Cs li.iving a 
concentration of 1-1.5 cent. NO. 

1-01 iuither p.irtiLul.irs o! this process siu Scott. 
foiirn. Roy. So.. A’!'. 1012. 60. aKi. /c//. 

Elf'htuhlici'i . 1907, 13. 225: l<)09, 15, 544: 1911, 

(3) The Schbnherr Furnace. I'lg. .s 

gives a view of this lutnace. tv i.s an 
insulated high teiisinn nun I'leelrnde, the 
other ele( tnxle being tin iron piping l.i-., 
into 'vhieh a r, iirojccts, and an opposing 
cle('li|. ,le (lb An aie is thus formed between 
the electrode A.\ and the iron pil>mg. liui 
a sireaiii of air is blown in peri])lierK'aily al 
tile base of the piping, throiigli a senes of 
orilice., .\x, in sueli a way as to cause a 
whirling movement in the tube ks, and so 
causc.s a whirling flame of burning () anil N 
to iijn iiji the lube KMi, being cooled at the 
top by the water cooling airaiigement i',!. 
I’he hot nitrous gases stream away fiorn m;, 
dfj.wn file external pipes h,h, and .so out 
through M, into the iil.mt for absorbing the 
nitrous fumes. 'I'he air enters the furnaee ,al 
c, and is healed to a high temperaluie (about 
500“ C.) before being blown into the arc 
(through the (wiflees at x) by passing up the 
tube.s D,D, and down tlie tubes u,u, both of 
which are heated by the hot gases streaming 
ajvay from the furnace. The are is started 
by pressing the lever which brings an iron 
bar into momentary contact with the irou 
electrode A.^ 'I'he are burns as steadily as a 
candle flame, and is observed thiougli peep¬ 
holes at N and o. The furnace is eon 



nected elcrlrically to earth, so th.at all p.,Vts 8 —The S(ii,.iilicn Funi.icc. 

can be bandied with impunity, except only • 

the iy.sulated electrode a. 'I'lic electrode a requires re;ijucing every lour montli.s 
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At ('hristiansaiul, in Norway, ilic IJ.idiM'hc Amlin- und Soda i-.iinik erected in 1907 a factory 
employing these furnaces, each l>cing supplied wnli 600 ] 1 . 1 ’, at 4,200 volts. Others arc 
protected using 750 IJ.l'. and requiring 40,00(5 cii!>. ft. of air per hour, producing arcs 7 yds, 
long. 

The gases lca\c the furnace at a temperature of .S50'' (h, and contain 2-2.5 
N<). Ac( oniing to Ilaher and Koenig, /rf/. ElthtiO>hnn., iqio, 16, II, the yield ingrains IINO^j 
per kilowatt-hour is 75 g. and the N<) pr»«!uccd amounts to 2. s i'Ci cent. 

hot furtlict pariKiilars *)f this jirocess see Sclionlicrr, 7;v7//i. Aunt. KltklrOihnn. So<.. 1909, 
j 6, 151. 

E. K. Snitt (Jflt.-n/. Sw. C/ieiit. I/iif., 1915, 34 , 113) describes a new t)'pe of furnace. 

General Plan of Plant for the Manufacture of Nitrates by 
Electrical Oxidation of the Air 

How the maniifacUire of nitric acid and ^itrate^ fium the air is carried out 
tcclinically by means ol the electrical furnaces above described will be .seen from 
the diagramnuLlir sketch, hig ij. a is an air compre.ssor which drives the air into 
the electrical furnace 11 (which may be any of the kinds described above). In this 
chamber 1;, the air is passed into a very hot electrical arc flame, where it is heated 
to a M-ry higli temperature, say 5,000“. 10,000' C., in the immediate path of the 
arc. Here union takes place, NO being formed. 'I'lie hot ga.scs passing away 
from the ar<- expenenre a sudden I, ill of temperature (although the fall Js so slow 



that in iiractiee most of the NO formed is du'nmposed again), and the gases cs-ape 
from the furnace at a tempeiature of Soo“ 1,000" C. containing only 1.5-2 per cent, by 
\ulume of NO, the rest being uiiehangi-d oxygen and nitrogen (og,, 30111^. HNO., 
per litre). 'I’he hot gases .at ijoo 1,000“ C. stream into a cooling chamber t, where 
the ti’uipeialurc falls to about 500" 0., anil then are passed, still very hot, through 
a series of tubes contained in a number of tubular boilers. Here they give up 
their heat to the water in the boilers, the latter developing a pressure ot 130 Ihs. 
on the sipiare incli, and tints sufficient steam is generated to work all the necessary 
maobincTy in the work.s, the use of coal being thus entirely done a\ ay with. The 
gasses leave the boilers at a temperature of only 20o°-25o" (1., and by passing 
through another cooling arrangement their teni])eriilure is further lowered to about 
50" C., when they finally enter a large oxidation chamber o, consisting of a .series 
of vertical iron cylinders with neid-iiroof lining. Now the nitric oxide only begins 
to unite (2NO +2fb= 2NO.,) with the oxygen of the e.xcess air at a temperature 
below 500“ C., and "so the formation of nitrogen peroxide, Nfb, already begins in 
the gase.s, and this oxidation is nearly completed in the large oxidation chamber 
G, the gases'Tinally leaving g eonsistiiig of 9S per cent, of air, .and 2 per cent, of a 
mixture of 75 per cent. NO., and 25 per cent. NO. 

Next the gases pass from the oxidation chambers into a series of absorption 
lowers u (one tower only being shown), where they meet a stream of descending 
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water, and the nitrous peroxide is absorbed with the formation of nitric and nitrous 
Jicids, thus :— 


( 1 ) 2 NO, 

-f- U.O 

rr UNO.. 

•1- UNO, 

Niiiogtn 

Watti. 

Nitrous 

N itru. 

l.fHiXitk*. 


ul. 

a< ul. 

(21 NO -1 

NOo ! 

n,,o r 

all NO,. 

Niirit 

Niiroi;t» 

\\ alei. 

Nitnius 

uxuic. 

poro.McU. 




According to these oi]nations nnich nitrons and is (onual. llowevn, in praclice, ’liulh hhna'^ftt^ 
-(Otucntration^ the nitrous aeiit and decomposes into nitric acid and nitric oMde, 

thus : — 

.5HNO. -• UNO; I 2NO + ILO. 

Under cerUin concliiions of leinjier.unrc, and by diminishing the amouni of water, the instability 
of nitrous acid is so maiked liiat ptiu tically only mine acid is tinally left in solution. 

The ubsorjilion <tf the nitrous lumes take.s place in such a way that the first 
absorption Lower contains the stronocsi arid and the last the weakest acid, the 
jiractical result btnng that the first tower not only contains the strongest nitric 
acid, but also an ac.id praelieally free from nitrous acid. The NO passes on from 
.absorption tower to absorption towa*r, and is oxidised to NO., and absorbed 
aecouling to the equations given above. Hence the amount of nitrous acid, 
HNO.,, increases in each siKCceding tower, until in the fifth tower (which is fed 
•with a .solution of sodium ('arbonate) only pure .sodium nitrite is formed. 

’ The absorption towers consi.st of three .series of .stone towers, 20 in. high and 
6 m. internal diameter, bach series contains five towers, vi/.., three acid and 
two alkali lowers. The acid towers arc built of granite slabs bound together by 
iron rods, having a capacity of 600 cub. m. d'luw are filled with broken quartz, 
over w'hieh water (or tiie dilute nitric acid formed) is slowly flowing. The alkali 
low'ers are built of wood bound togetber by wooden rods, and having a capacity of 
700 ('ub. m. ; they also are filled >Yith broken ([uartz, down which flows a solution 
of sCnlium carbonate. I'he passage of the gases from tower to lower is aided by 
alunnnunn f.tns. 

Tlje w T is alU>w^c!(l to ilow down ihc tliiul .iltsorjuion lowri (being oikh- iiiou* jiiunjicil to the 
toj when 11 reiiclic^ the holloiii) until ii aUains a stienglh of 5 per cent. UNO, 1 >) volume. This> 
lifpnd is Uien juimpcd to the lop of the second tower, whcie it i>. ullowcd to circulate until it attains 
the strength of 20 per cent. IINO., by vtdume. Next the acid is pumped to the lop of the first 
tower, wnere, meeting the fresh g.ises from the oxidation eliambers, it attains tlie stiength of 
40-60 per cent. UNO, by volume, aiui thus, nitrous acid being under ihesi* conditions unstable, 
llie first tower is made to cont.un not only the strongest nitrie aud, Imt also an acid free fiom 
nitrous acid (see above). 

The tower coming alter the third tower is the alkali lowei, being fcii with .sodium caibonate 
solution, and in ihis fourlh lower a mixture of sodium niirali' and nitrite is produced (sodium 
mfate).* The fourth tower, likewise fed with sodium carhon.ile solution, j)roduces jiracticaily pure 
sodium nitrite, as aboxe explained. 

The total .ibsorption in these loweis is owt pS per cent. 

The main jjroducl of manufacture is the 40 per cent, by vokinie nitric acid 
obtained from the first tower, i kilowatt year gives HNO^ 

{calculated .as 100 per cent.). 

Five finished products are made in the work.s:— 

(1) 40 per cent HNO., from the first lower. 

(2) Calcium Nitrate, CaNO^, m.ade by running the crude nitric acid through 
a series of granite beds filled with limestone (CaCO.,) until the liquid contains under 
0.5 per cent, free IINO3. 'I'he liquor is neutralised with lime, evaporated in \acuurn 
panj until of 1.9 .sp. gr., and allowed to solidify. It is then either exported in drums, 
or ground up and put into casks, being sold ,as “Norwe,gian .saltpetre.” It is 
reddish brown to black. It is further described on p. 445. 

(3) Sodium Nitrite, NaNCF. —The liquid from the fifth absorption tower is 
evaporated, run into shallow tanks, allowed to crystallise, centrifuged, and the 
crystals dried in a current of hot air. The ]> oduct contains 99 per cent. NaNO.,, 
being sold as a fine white powder (see p. 436 for properties).- 

Nitrites are also made from the furnace §asec by passing the latter, still at a 
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tcmjKTaturc of 2oo''-3oo'’ directly up an absorption tower fed with sodiuiT> 
carbonate solution. Under these conditions only nitrite is produced according 
to the equation :— 

Na.jCX). \ NO + NOj ■= zN.iNO^ + COo. . 

In tile experimental factory at Christiansand all the nitrite produced is made by 
this process. i 

(4) Sodium Nitrite Nitrate.— A yellow crystalline material produced by the 
first alkali lower. It contains 50 per cent. NaNO.^ 43 per cent. NaNO;^, and 
7 per cent. H .O, togethei with a little unchanged sodium ('arhonate. 'I'he substance 
is used instead of (’hile saltpetre for the manufactuie of sul[)luirie avid by the 
chamber jtroecss. 

15) Ammonium Nitrate, KH,N()... Produced by neutralising the 40 per 
ct-nt. HNO., dueelly with ammonia h([iior of o.SMo sp gr. X'he htpiid is evaporated 
to 1.35 sp. gr., IS allowed to (ryslalhse, centrifuged, dried in liol air, v\hen it 
contain'' j)er cent. NU,N().,. 


Manufacture of Nitric Acid from Synthetic Ammonia 

I'f’he Ostwald Process.) 

Recentlv ammonia, Nil.,, has been manufacluied extremely chenji by several 
method^, directly fiom its <‘k‘nu'nts, also by passing strain over nitrolime. It 
has, (onseijuently, greatly lallen in price, and has thus become available as the 
starling point for the inanufarlure ofnitiir acid. 

kulihu.Jiiii in nS n\uiist d annuoma, loing |ilalinum us ,i i ataly^'t. Iml .unmouia \sai in 
tla)s lilt) (•x)H‘n^l\l• foi piaclicall) j)riHimina luiiir aoul l'^■ tins .s. AhmU iO'K) Prof. 

V\'illu'iin nslwahl. liigi-thci Hilh his assislunt, l>r Pianer (--ci' i h^iu Ziiluui, IQ03, ,^57, also 
IsnahNii P.'Ucnl'. inna : S,3ro, !()u2 ; 7.000, JOS>S ; AnuTir.in I'ah ni, .S5K,<)04, IO07 ; <.)'lwa!d, 
y>Vr;'. //. /I nth }i»i. A'uha^i hiiiR 3, 71 ; SLiiiniol 11. Kockt \, AV' , ioo(». p 1366), rcun cstis^utv'i 
the piocc'-v',, and an (.•xpcnmcnlal pUni was crci U-d in which smiu' i s<* l'*ns ol miiic acid 

w cic i)ioiliu cd pci moiuh. liven a! llial tiiiic, liowcvcr, aimiionia seems lo base been luo c\pcnsnc 
foi the process U) conipctc with llif sodium inlialc piocess of mamdacluic. ^ 

Recciill), however, ammoni.i li.is been produced at ()iic-tonr!h iis former ])iice {b\’ liic b\nlhetic 
pio( t’ss). niid so the (lihicidt)’ as le'gatds ihe hrsl ( osl of ammonia apjx’ais to }ia\c vaiiishco 

.Also ihc process in its original form was impcrh''! The leclm'tal delails were giadualiy 
imiiM\(d, and tn a facior) was built at (icitc, VV'eslpliaha. Numerous oilier lacloncs are 

now bmiig elected. AN'orks exist m I’lclgmm, neat Ibigenham on lire Thames, Tr.illurd Park, 
Mancliestei, m S-coUand and Ireland. l\.udol]>li Messel {Jonnt. So,. L'hem /nd., lOi^, 3I’ 
has jioinied out lhai the productum of nitnt acid from the an (see abo\e) is at piescnt rontmed to 
counlties ptodnrtng water power, and that the resulting nitiu acid i.s \eiy <iiiricuit to tiansporl ; oii 
the oiliri h.tiul, .ammonui is ptodutibie almost everyw'here (since not niuch energy is reijuired in 
its piodu(Uon), and can, witli an Ostwald plant, lie readilx oxidised on the s])oi to nipic acid. 
Consei|uentlx this new process, csjJccialK since the jrrodnetion ol synthetic ammonia, may ultimately 
pio\c tin most imporlaiit technical method !oi pioducmg nitiu acid. 

I'oi luiihei details see Donath and Indra, “Ihe (kyrl.ition des Annnoniaks/u Salpctetsaure 
inid Salpetiij;,’! .S.uiu-" (SiiiUfiart, ; -.ci';d!,<i umki Ammomum Nitrate, p, 43_i. 

UikUt tlu' hinutiicc of a catalyst, ammonia, Nil,, can be osidised by air to 
iorni water and nitric arid or usidts of nitrogen ; thus:— 

(1) Nil,; I 21.), = UNO, -I lid). 

Ilowetcr, unless curtain conditions are niaintainud, the o.sidation 'stay be incomplete 
and onl) nitrogen gas be produced, thus: - 

U) 4NH, i fO, ^ 2N. 1 611 ,u. 

Tltis formation of nitrogen was one of tliu chief difficullics to be cnercome. ' 
Now, in ordci to obtain a technically useful result, the operation must be so 
conducted that the first reaction fi) is practically complete, whilst {2) must be as 
small as possible. 'I'his result is attained by using, for example, unooth or solid- 
platimuA, which causes the first action, viz., the production of nitric acid, to take 
place almost quantitatively, the prpdtiction of free nitrogen being unnoticeably 
small. Howeicr, the.'ietion is slow- with the u.se of smooth platinum alone. On 
the other hand, finely divided plapinim, or platinum black, accelerates both rc- 
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actions, but accelerates the second one (/>., the production of free nitrogen) more 
than the first. However, by moderate u.se of the finely divided platinum (platinum 
black) with the smooth platinum the (iiieration can be so performed that the 
action takes place rajiidly, but without any great formation of free nitrogen. 

W. Oslwald, therefore, in his English Patent, 698, 1902, advised that the 
platinum should be partly covered with platinum black, and that the gas current 
should [*'i 1 at the rate of 1-5 m. per second through a length of i cm. or 2 cm. of 
contact suostance maintained at about 300" C. 

It is unnece.ssary to heat the platinum, since heat is liberated in the course of 
the reaction, which raises the tem))er.'iture of the platinum to a sufficient extent. 

'I’he actual contact between the gas and the platinum should not last longer 
than one hundredth second, and so a rapid stream of gas is essential in order to 
fulfil this condition. 

'file ammonia is mixed with about 10 voLs. of air in order to conform to the 
equation:— 

Nil I 2O. UNO, I II.,O. 

1 ,.>L ,vi,k.'o 

(in 10 \ol-. air) 

'file catalysts arc arranged in a kind of .si'iiii parallel system, so as to allow the 
cutting out of any section. The nitric arid vapours are condensed in towers in 
which they meet nilrir acid ; the addition of water is umicces.sary, since it is formed 
dpring the o.xidation of the ammonia. 

The plant in operation at the Lothringen Colliery Co., near Hoehuni, w.is in 
1912 producing 1,800 tons of nitric acid and 1,200 tons of ammonium nitrate 
annually. .At these works the earefully purified ammonia mi.xed with 10 vols. 
of air IS .Sent through enanu'lled iron pqies into a ehamber containing the special 
platinum catalyst. 'I'he nitric acid va))oiirs here produced pa.s.s through 
aluminium tubes to an absorption plant, consisting of six towers packed with 
broken i .irllieiiware, down which a stream ol nilrie acid trickles, being continually 
pumpe l again to the lop of (he tower as .soon as it reaciics the hottom. Here 
a< id forms whii h iirodm es direi lly a nilrie acid containing 55 per cent. HNO.,. 
l!y alterini the ronaeiising airaiigemciiib a nitric acid of 66 jicr cent., or even 92 
per ''ent* .in be ])ioduced as a sole jiroducl, and of a purity suflicient for its 
direct utilisation for die manufacture of explosives. About 85 90 per cent, of the 
ammoni i is thus transformed into nitric acid. 

In the works above mentioned the nitric acid is neutralised by anmionia, and 
thins amnioiiiimi nitrate is produced in bulk. 

OlhiT ciUalysts hesiiioN platimiin will oxidise aimnonia. Tlius I‘'raiik and (laro ((»erman 
Palenl, 224,32()) sliowed that the expensive jdalinuni can be replaced by a niixlure ol ceria and 
ihori.i, which at 1^0 -200'^ C. j;ives a yield of 90 per cent. UNO.; or HN()o. 'J'he luiNturc i.s nol 
so efrcieiit as platinum, but is fat cheaper. 

Fr. Kiycr \ Co. ((term.in I’atenl, i6cS,272) showed that at ()(X)°-750''’burnt pyiilcs (non oxide 
ronlairdnp siSme copper oxide) oxidises airiinonia, N.X)| bein^^ the xoie product ol llie oxidation. 
B\ vibsorbin^ in alkali, this g.ivc nitrile ; sec also under Ammomum Nitrate, ]i. 435. 

The ammonia used may be produced from mi.xcd gas acid and ga.s litjuor, 
since, although some purification with lime is necessary, the organic impurities in 
it do nol maleriiilly affect the course of the reaction. 

However, much, i hca])cr sources of ammonia gas are calcium cyananiidc (which 
yields NIL, and CaCO„ when treated with .superheated steam, Ca = N -CN + 3H2O 
= CaCO.|+2NIT.,) and synthetic ammonia produced by the liadische Aniliii- und 
Soda-J'abiik by dirett union of N and II (see p. 469). 

The Nitrates Products Co. Ltd. have secured the world's rights of this 
process outside We.stphalia and Rhineland. They inteiid to produce their ammonia 
from the action cf steam on nitrolime (calcium cyananiidc). 

The Ladische Anilim und .Soda-Kabrik will probably produce nitric aciij, using 
their synthetic ammonia {.see below). 

Properties of Nitric Acid. —The strong nitric acid, possessing a specific 
gravity of i.50-1.52, is a powerful oxidising agent. In fact. It will spontaneously 

, VbL. I .~29 
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inflame wood or straw if pouted ii]jon them in quantity, and, eonsequently, is 
always technically transported in glass balloons, with a packing of sand or 
kieselguhr. It is usually only sent by siiecial trains, much in the same way that 
explosives ate sent. 

Owing to the difficulty of trans]iort. concentrated UNO., is usually luade on the 
place of consumption, e.g., it is far more economical to manufacture nitric acid 
directly in the neighbourhood where it is to Ite consumed than to nianufncl.irc it in 
distant countries, where the conditions arc more favourable, and then send it long 
distances by sea or rail to the point of use as is nearly always done in the case of 
other lieat ) clieinicals, such as .sodium sul])hale or alkali. 

Concentrated nitric .acid is u.scd, mi.'.cd with concentriited sul])hutic acid, for 
nitrating Jiurposes, es])ccially lor the inauufacture of nitroglycerine and nilrocclliilose, 
collodion and < elhiloid. 

h'or c.xample, ior the in.inulai tine of nitrogl)ceiine a iiiiMure of 36.5 percent. 
UNO., (of 1)1.6 per cent, strength) and C13.5 per cent. J 1 „.S 0 , (of 97 ])cr (cnt. 
strengtli), togillicr with 5 |)cr cent. U., 0 , is used .Such an .icid must be lice from 
chlorine, and must not contain more llian 0.2.0.3 pra cent of nitrous acid. 

h'or making such subst.Tiici-s as nilrobcn/.eiic, picric .icid, and otlici organic 
nitrogenous bodies, a weaker acid of 1.35-1.30 sp. gr. mi.xi-d with i e parts of 
sulphuric acid ((16" He., 67 'I'w.) is u.sed. 

.■\ nitric acid of 1.35-1.40 sp. gr. is also used lor the Clover towers in the uianu- 
facturc of .sul))hurii' acid. > 

more dilute nitric ,aiid is used lor making silver nitrate and other nitrates, 
for etching copper platc.s, and for dissolving metals. 

'I’he red filming mint acid, of sjK'cilii' gr.ivily 1.4-1.5, contains dissolved in it 
oxides of nitrogen, and is a more powerful o.xidising medium than the 1 olouiless 
acid of the same specific giavity. 

This acid is made somciimcs by adding a little .stan h to strong nitric acid, 
which causes its pailial reduction, ,and simieliinc.s by di.stilling sodium nitiate with 
a sin,viler amount of sulpluiric ,i<;id, and at a highci tem]icraturc than is najiiircd 
or the ])roduction of the ordinaiy acid. 

The following table, after Lunge and Key {/.li/. angen’. C/wm.. iSpi, 16^7: 1892, 
10), gives the strengths of solutions of nitric acid :— 


Sjiecific (Gravity. 

Uiunne . ' 

i 

fcx'l CtMlUliti 

e. UNO,. 

100 c.c. conlaiii 
g. JINO.,. 

I.OOU 

0 

0.10 

0.10 

1.025 

v 4 

4.O0 

0.47 

i. 05a 

6.7 

.S.I« 

0.7 

1-075 

lO.O 

C 1,1 

14.1 

I.KX) 

15.0 i 

17.11 

iS.S 

1.125 

10.0 

21.00 

25.0 

1.1 >0 

iS.b’ 

24.84 

2S.6 

'•>75 

21.4 

28.6,! 


I.2CX) 

24.0 



1.225 

26.4 


44.1 

1.250 

2S.8 

,W -84 

49 t‘S 

1.275 

.I'-' 

4.3.64 

5 . 5 .i!^ 

i.ZOo 

3 .h.? 

47 - 4 ‘l 

01.7 

1.335 



08 .? 

1.350 

. 17'4 


75-3 

1.375 

.i 9-4 

fio.30 

82.9 

I.40() 

41.2 


91-4 

1-425 

S 4.;. 1 

7o.gS 

101.1 

1.450 

44. S 

77.28 

112.1 

'•475 

4(1.4 

.S4.45 

124.6 

1.500 

4S.1 

04,09 

141.1 

1.510 

48.,7 

9^.10 

148.1 

1.520 

4<)-4 

99.67 

i 5>.5 


■v 
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Statistics. AccoKiinj; to ihe “ Ke[)i)rl <jn First (Census of Produriion.” if)07, p. ^71, the 
United Kingdom in i()07 produced 60,000 tons of nitric acid, valued at /’pi,000. The exports 
are shown by the follouin}^' figures:— 


ipog. loio. 


' ii'iis. \ ;thn. 'luiiv. Valin;. 'Inns. i Value. 

j 257 -’"‘I /7.0P3 ) lS,s_ ' /4.fi72 


Gciinaiiy piiiduce> .annu.dly .d> mi l(X),o(,)o loii> of UNO; calculated .is 100 per cent. 
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THE AMMONIA AND AMMONIUM 
SALTS INDUSTRY 

llv Gkofft<ev Maktin, Th.D., D.Sc. 
hor Sytiihftic Ammonia see p. 469. 
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Ammonia ami Ammonium Salts.- • Ammonia, NH,, is a decomposition 

laoduct of organic nuittcr, u-siiltiiig either from its destructive distillation or from 
its putrefaction and decay. 

UiV <juitc ret ently, ])ractieally the total supply of ammonia was obtained as 
a by-jtroducL in the destrurlive distillalion of coal for the purpose of making 
illuminating gas, much also fienig produced liy <'oke ovens, and the processes now 
worked for the gasification of coal, })eai, oil-shale, etc. 

T!h' amouni. nf nitinprif m cfsd timnunis ic 1-2 prr cent., and only a rclativclv sm;d] j>ri)portion 
of this (Ixmi J2-20 cfiil. of the total mliogen jircscnt) is converted into ammonia during 
the process of (k-siruttne distilkilion or ^asihcation. At least half of the nitiogen remains in 
fhe H-sidual coke, .in<l is not espcllcil completely even at a white heal. Much nitrogen escapes 
Jrom tt’.‘- ci'.al in llie foim tif N^. g.as, iicing kirmcd by the decomposition of the Nil.., which begins 
to <lecoiii]iosc at 6o(/-Soo' C. A small proportion of the nitrogen distils over m the form of 
cyanido, ])yridine, and other org.tnic nitrogenous substances. The following figures show how the 
nifogen c#niainc<l in various sorts of co.al is dis)K>sed of during the ordinary process of destructive 
uistilliilion of IOC) pans of their total N. We have 


Kind of (.'oal. 

English. 

1 Wcsipikilian. 

Saai. 

N in coke 

IVr CVni. 

^ FdLriit. 

Per (if lit 

^S-65 

3 o- 3 f> 

64 

N as NH.j - 

JI-I7 

11-15 

16 

N .IS gaseous N._, 

-t 35 

47-55 

16 

N as cyanide - 

0.2-1 5 
] -2 

1-2 ] 


N in tar 

Mo i 

4.0 


1 


In general, 100 kilo.s of average coal on de.structive distillation yield 0.25- 
0.3 kg. of ammonia or i.0-1.2 kg. of ammonium sulphate. AVhen,•however, 
the coal undergoes destructive distillation A* ci stream oj superheated stearn (as in 
the proces.ses of producing “water-gas” or “Mond-gas” f^oni crude coal) we can 
obtain as much as 3 kilos of ammonium sulfjhate per 100 kilos of coal treated. 
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The following may Ik.* ron'siderejl as ihe chief s(3Uiccs ul ammonia and ammonium sails, as they 
at present exist : — 

(1) The Coking of Coal. 

{a) For the Production of Metallurgical Coke. -Already in Cennan)- no less than 
<)<i pel (vnt. of total output of ammonium sulphate is manuhictujcd in urovery ovens; 
in l-'.iiglam] some (x) per cent., and m the United Stares only 20 ]»er cent, is thus 
ohtaitud. Ahoul 55 per cent, of the Guild's total output of ammonia in 19,11, and 
74 percent, of that of the U.S..\., is derived fiom the carhoiii.sation of coal in i»y- 
pioduct ovens, '{'heie is little doulit that tin output will increase as llie amount of 
co.il carhonised incieas(‘s. 

For the Production of Coal-Gas. 30 pei cent of the world’s tnitput m 1910 was 
rjhtameii !rom the retorting ol eoal ior the m.iiiul.tcuno of illuminating gas. 

(2) The Distillation of Shale. ]..uge amounts .arc reiM\erc‘d in Siotland liy the dislilUition 
of hilumnuMis sh.dc*. The (ollowing figures, taken from tin* “49ti! \nnulaf Kepoil on Alkali, etc.. 
Works," p. 130, shove ihi-: 


Tola! Sh.ile Mined 
and U)iuirned in 
Scotland. 


Total .Sulphate of 

kminonia Kecovereci, \'u‘id in I.hs pei 
hum the .Shale in ; I’on of Sh.ile. 
i’araftin ()il W'oiks. 


I c^o 

1004 

li>c)5 

I pot) 
1007 
H)oS 
I<)(>'> 
I<)IO 
loi r 
1012 


C'onsideiaiile undevelcipcd d 
otiuT parts ot the vioild. 


1 >>n' 


2,(.109,265 


•J-3.U.KS5 

42,480 

2,403,081 

4<>. 544 

2,54.S,724 

4S.5.>4 

2,690,02s 

5Io.;S 

2,S92,o3<i 

5j,62S 

2,967,017 

57,o.(S 

3,130,2So 

.S9.11 > 

3,! i6..Sn3 

6(>,7 <)t 

giS4,Sj{? 

62,207 


po>its of fmunnnous shale exist i 


41.6 
40 S 

41.6 

42.7 

42.7 
41-5 
43-1 

4J-7 

4d-7 


Newtoun(ll.iiul, Austmlia, and 


{3) The Distillation or other Treatment of Peat. —Mucfi nitiugen is conil)ine<l in peat 
{wliicii, iheieiorc, has found some apjvlic'aiion as a feitihser), and many jirucesses are oilhei worked 
or are jiroiecled for diieclly Iran.slorming tins nitrogen into tlie (01m of ammonium sulphate. The 
destructive distill.ation of jieal has been proposed hy Ziegler and others. 

More jiromising is the jiartial comhustion of pc-al with production of pioducer-gas (Frank, 
Caro, Mond. described mulei *• l’roduccr-(ias") or the slow wet-combustion of peat (Woltereck). 
There are 20,000 million tons of undeveloped peat in the IJ.S.A.. while equally enormous 
(juanlities exist in Iieland, (hin.ada, Newloundl.ind, Sweden, Noivvay, Ru->si.i, (iermany'T’russia 
alone containing 5,000,000 acre's). 

The average nitrogen content these pc.it depo-.ils may be taken as 2.05 jier cent, (sometimes 
reaching 4 per cent, in the ca-.e of dry peal), so tluU if only 50 pei cent, of this was lercf/e’-ed, very 
large amounts of ammonium sulplsile would become available. 


(4) Producer-Gas. -The .immonia contained in the coals used in jiroilucing this gas—the 
main type of plant used being the Mond Gas-Producei ■ is now very huge and is likely to increase. 
The process is desciihed in tins \ oltimc under “ lVoducer-(»as.’’ 


(5) Blast-Furnace Gas.— The nitrogen in the coal used m blast furnacys escapes in part as 
ammonia, much, howcw'cr, being decomposed l>y the ingh tcmneraiurcs in the lurnace. 

Some of the combined nitrogen, however, comes from the nitiogen of the air by actiuns taking 
place inside the furnace, principally the formation of cyanides, which are then decomposed into 
ammonia by .iqucous vapour in the furnace. In the Uiiileit Kingdom, for inio, about 20,IJ0 tons 
of ammonium sulphate wcu* lecovered, 20,130 torn* being recovered in 1911, and 17,026 in 1912. 

(6) Production from Beetroot Sugar Waste, “Schlempe" or “Vinasse.”—Tlie thick 
brown h<pud remaining .ifiei the exfraciion of all the possible sugai from the xyrup is known as 
“ vinasses ** or “ sclilem|)c.'' 

It contains nuicli nitiogen and potassium salts. Until recently it w’as the custom merely to 
calcine thi.s material so .is to obtain llie potash salts in the form of “ schlempe kohle.” Ihieb of 
Dessau and Vennator now recover nitiogen from this by distilling the schlempe from iron retorts, 
leading the evolved vapou;s through chambers tilled with brick cheque-woik maintained at a red 
heat, whereby the comjvicx vapours decompose into IK’N, NH.„ etc. 
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The ammonia and ryann^en are then recovered as in the purification of coal-gas. The process 
is described on p. 488, “ Cyanide and I’russiate Inilustry.” 

(7) By Distillation of Bones. Leather, and other Nitrogenous Organic Matter.-~Thc 

dislillatit*’’ of Ixmes, ioi llic protlucUon of ‘•l){)nL‘ blai'k," fonni'rlv yielded a consuleralile supply 
orammo.iUi, but Uie industry is now not so prominent as formerly. 

The ammonia may be extracted from the cvolvcil gases by scrubliing. as m I'oabgas manufacture. 
The trP‘i‘ment of animal refuse for t)ie inanufaetuii* of puissiate is now obsolele. li is more 
profltab.) ertifdoyod as nunuie. See p. 4<)C “('yanide and I’russiate Indu.slry.” 

(S) From Sewage and Urine. —A veiyneh souire of ammonia is ordinary urine. 100.000 
lirads of popul.ition could ]>Joduce pci \ea} aliout O.ooo (ons of Nil^. If all tlic ammonia 
corresponding to London urine were roilecteil, moie than ()0,ooo tons of ammoimim sulphate 
could be annually puxluced iherefiom 

The method of (olle<‘tion of mine and its uoiking ii]> into ammonia».il <omponnds hits been 
carried on at I’arisand at N.tne). In i<)(){) {''mme nblameil 13,00010ns of ammonium sulpluate 
llierefrom, io.ooo being obtained m P.<ris alone Iiowe\er. the j-oli<*etion and utilisation of 
animal excieiuent is so n.iuscous .ind costly .nid dangeious a pioees.s, that tlie bulk of the enormous 
ammonium su|jpjies piodin-ible fiom this soinee are run to waste. 

Tlie process consists in allowing the unne to ferment info ammoniinn cailxmate. The clear 
licjuor is distilled .ind tlie amni'inia ref'o\ere<l as in gas lupioi. 

h'oi fiutlici <let.i!is SCI Ketjeii, /.t'tl. i'ln'iii., i<S<)i. 294; nmterlieki and Watson,, 

Lnglisli I’.ilent, 19,^02, 190^ ; ’I'.ivloi .in<i \\ .dkei, L'.S. I'.ilenl, 603,OOS ; \ oiing, I'aiglish I’atent, 
3,502, lSS,i ; DuiK.iii. (ictni.iii i'ateiils, J7,].pS, 2S,p50. 

19 ) Synthetic Ammonia. I’.nornious su]»j)!ies of annnoni.i are now becoming .available by 
the synthesis of ammonia, eilluT diicelK fiom .itniosplien< N and H. 01 else from cy.uianmle or 
niliides Tlu'se prot-essi s aie discussed in detail in a s<‘paia 1 e aitiele, p. 4O9 

'I'ho production of niiinionium sulphate is increasing rapidly in order to rncct 
the increasing dcniaiul for nitrogenous manures. I'he following figures refer to 
(iieat Britain; 

Amount ok Ammunu Kkiovkukd in 'lui-, llNni-n Rinodom 
(Mnprkssm) in 'I'krms of .Sui PH \tk) — 'Tons 



1910. 

im I. 

1912. 

' 9 * 3 - 

1914- 

w^i s 

i{)7,S20 

168,783 i 

172.094 

182,001^ i 

177,000 

Iron woiK^ . . . 

20,139 ‘ 

20,121 ! 

17,020 

20,000 I 

19,000 

Shalo woiks 

.=50^113 i 

60,765 ; 

62,207 

63,0(x> 

62,OCX) 

('ok( -oVfll Wolks 

02,005 i 

I'^.v 343 ‘ 

104,<132 



Pi>idiirer-g.is and latbonising woiks 

27 ,S 50 ; 

20,904 ; 

32,049 

i 67 ,ck>o ■ 

163,000 

(bone aiul coal) 

Total 


3 ^ 4 , 1 ) 71 . 1 

388,308 

432,000 ! 

421,000 


'I'he following figures refer to the output of the chief countries : 



1900 

i(|09 

1911. , 

1 


(Mrftn) 'J'oiis 

(Mi-tri<) 'I ons. 

(M«*lrti) 'Cons. 

Kngl.ind 

217,000 

349,COO 

, 37S,c)oo 

(iennanv 

104.000 

323,000 

j 400,000 

' United .Si.lies 

58,000 

q8,oco 

127,000 

Fiance ■ 

37,000 

54,000 

I 60,000 

; Bclguim, iloll.uul - 
\ustn.i, Kussia. etc. 

j oSjOrxj 

1 54 ,oco 

! ■■ 

The world's production of ammonium 

sjilplyite i.s 

estimated as 

1900. 

i(X> 9 - 


1911. 

48..^,000 Urns. 

950,000 Ums. 

1 

. 150.000 tons. 

Great Britain exported ammonium suIpS.fte ; — 


I9I I. 

1912. 


• 1914- 

292,000 Inns. 

2S7,COO tuns# 


314,000 tons. 
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The chief product of the ammonia industry is, at present, so//d ammonium 
sulphate, (NH^y.SOj, which is principally used in agriculture as a manure. It 
is valued on the percentage oi nitrogen it contain.s, containing when pure, as 
(NH^)2 SOj, about 21.3 per cent. N against 16.5 per rent. N in NaNOj, or 
Chile saltpetre, which is at pre.sent its great conpietitor as a manure. 

'I'he ])ri<'e of ammonium sulphate sunk from 50s. per ton in 1880 to 20s. to 30s. 
in lyog, and no doulit in consequence of the production of cheap synthetic 
ammonia, both from cyanamide and by direct synthesis, the price will probably 
still further decrease. 

Manufacture of Ammonium Sulphate from Gas - Water or 
Ammoniacal Liquor. At present the bulk of the ammonium sulphate on 
the market is derived Irom the “gas-water" or ^'■ammoniacal l/(/iior" produced 
in the numerous coal-gas jiroducing plants, coke oven.s, etc. 

In the CCikc o\ons. tiowever. tin- g.i'.cs now arc passer! riiieclly tliroagh sulpiilirlr .acid, and lllc 
aiumniiimii sulphate tlicicb) liiiccllv i'lsrrl, thus avoujmu Uic initial produrtinn nf an ■■ animonuual 
liquor ' sucii .is is indispcnsahlc to coal-pas production. 

Ordinary ammoniacal liquors contain some 1.5-3 '■'.•nt. NH.,, united with 

various acids. The chief acid i.s carbonic, H.,CO.j, but besides this we gel li.,.S, 
HCN, HCNSH.,.S.,().,, H.,SO,|, HCl, and ferru-and ferri-cyanic acids. 

The ammonium .salts are, in practice, divided into (a) volatile, (A) lived. The 
“volatile” ammonium .salts on boiling with water dissociate, evohing ammonia. 
'I'he chief volatile .salts are ;—.\mnionium carbonate, {NU|hCO.,; ammonium 
sulphide, (NH^).,S and NH^HS ; ammonium cyanide, NH,|CN. 

The “ fixed '' ammonium .salts (c.e., ammonium sulphate, (NH,,).,SO,; ammonium 
chloride, NlI^Cl, etc,) are not decomposed by water, but the ammonia has to he 
driven out of them by boiling with milk of lime. 

ainiiioniar.il lu|Uoi'^, howover, have an rxUeinely vanahlo rtimpo'-ition. An avrraj^e 
sample would contain po: lofi c.r. from voUlilt uminonu (priiiripalK in the form of 

ainuioniiim curhonale), and 0.2-0.6 Nil; in the f(»rni of “ fi\ed ” sails. '*» he coinposHion of the 
ammoniacal luiuor naUir.tlly l.iigcly depcixls ipion the nature of the coal usc<!, and so|'ie finals, 
rich in chloruics, jucld .immoniaral Ikiuois etuitaiiun^; much NU4(n. 


The followinp, analyses 

iM\e lIu- conijiosiuon 

li some 

.ivera^e aniinoniuCia' 

lujuors, 

the liumhi. 

»ivin^ ^r.inis per kx) r.r. ; 

1 

’ (j.is Works, 

(’> >kc 

Blast 

.Sh.de 

Co.ilite 


C)ven>s. 

l''uinaces. 

\V.)rks. 

Works. 

Volaiile Nil,; 


0.84 

n.2-u.4 

0.0 


i‘'i\cd Nil., 

0.0-0,2 

U.IO 

o.oucS-o.ooi; 

0.03 

, 0.17 

Total Nil', 

2 . 5 - 3 -.S 

tJ.04 

p 

p 

0.0 

0.7 

(NlI^loS ■- 

0.0-0.8 

0.47 


Q. 

0.23 


5.0 S.8 ' 

i.nO 

M I 

2.0 

b .4 

(NH,)C 1 - - ■ 

_i. 1-0.5 

0.22 

U.OOO ; 

0.015 

! o.i 

(Nlip.,SO, 

0.2-0.0 

0 03 

O.OOt) 

0.016 

p 

c 

(NHd..S„ 0 , 

0.17-0.0 

0.04 

0 .CXJ 2 

O.Of; 

0.4 

NIIjC'NS ■ 

0.53-0.07 

0.04 

1 0.003 


; 0.3 

NIIjCN • 

0.030-0.07 

0.07 

1 O.OO3 



(NliPd'otCN'lr, 

! 0.03S 




i 


Orj^anir substances such us phenol, pyridin, acclonUrol, eu\, also occui in .small aniounis. 

. « 

The method of working the ammoniacal liiiuor for ammfinium sulphate is first 
to boil It until all the “volatile” ammonium salts have lieen distilled off. I’o the 
residual liquid containing the “ non-volatile” ammonium salts the theoretical amount 
of milk of lime is adijed, and the boilinu continued until all their ammonia is also 
expelled. 




THE AMMONIA INDUSTRY 


457 


The evolved vapours are usually led directly into HuSO^ of 42'-46" Be. (8i“- 
93° Tw.), and the ammonia fixed in the form of solid ammonium sulphate, 
(NH^)„.SOj, which can be sold without further refining for nianurial purposes. 

TIk- plant used consists of “column” apparatus similar to those described 
in detail in Martin's “ Indu.strial Chemistry : Organic,” for distilling alcohol; the 
apparnt'.s, however, is modified so that the ammoniac.al liquor alone is distilled 
in the upper part of the ajiparatus so as to ex]jel all volatile ammonia; while 
in the lower part of the apparatus the “ fi.xed ’’ ammonium .salts in the residual 
liquid are boiled with milk of lime. 

There are a great many different plants on the market, .some of which are 
extremely efficient. Feldmann’s Apparatus (I'.R.Ih, 21,708, see English 
Patent, 3,643, 1882) is shown in Kig. 1. 

The ammoniaeal “gas-w,iter'’ flows into a tube from the regulating tank a 



Fk;. I.- -Fel(lniann\ AinmonU Slil!. 


and enters the niultitubular “preheater” ii, consisting (T a series of tubes through 
which the ammoniaeal liquor flows, which are themselves lietUod by the steam 
and hot gas con.ing from the saturator r by the pipe mm. l''roni the “preheater” b 
the now hot am.lioniaeal fluid flows into the top chamber of the column c. This 
is provided with a number of cnmp.artments each jirovided with an overflow pipe d, 
so that in each rom]artment the liquor accumulates to an appreciable depth. In 
the centre of the floor of each compartment is a wider pipe covered over with a 
“ bell ” or “ mushroom ” (f), provided with serrated edges (see this Volume 
under “Ammonium Soda Indu.stry”). Throujn tiiis central pipe the ammoniaeal 
ga.ses and steam come up from below and stream through the liquoi surrounding 
the-“mushroom,” and thu.s boil out all the volatile NH3. 

The liquid in c, from which all volatile ammonia has been boiled out, now 
enters the lower part of the still D. Into ihis compartment a stream of milk of 
lime is continually pumped by means of the pump », th(? lime being sucked out 
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of th(‘ tank /. The mixed fluids flow 
throu^;!! a filtering sieve (to retain large 
jiarlick'.s) through the tube h into the 
eolimin n, through whieh is passjd from 
below a current of steam from a boiler. 
Tills ste.ini maintains the whole liquid at 
a boiling temperature and eomplefely ex¬ 
pels all the ammonia from the “fixed” 
ammonium salts, the ammonia being, in 
the first place, set free by the milk of lime. 

The waste ammnnui-free liquors run 
awav through /. 

The imul-hke mass of lime escapes 
through an oiiening at the liottom 
of 11. 

In siinu* iilant-u special seiwrate iniMinr vessel 
IS providei], standin<.i I'Utsuic the colunin. Into 
lids the Ii(|iiid rnminp fioiii the middle part of the 
eiilumn c is run, and is then intimalely itdxed 
wilii iiiiik of lime, .mil then the mivrd fluids arc 
run h,iek into the Inwei column It, and sultjeclcd 
to tile lioiliiig 1 )\ means of steam. A still of this. 
t\pe IS inamif.ictuied In the (ihemical I'ingineer- 
intr f’o,. Hendon, and is shown in h’ltp 2. 

.Man\ speeitd modiliealioiis of this ajtparatils 
are used. We m.iyltere mention the apjiaratus of 
(Iruneherp and Ilium (D.Is.I’., 33, ^20) : Wilton 
(Kiialish l’■llenl. 24,832, ipoili .Seolt (Knpdi.sh 
Patents, 3,11.87. 1900: 11,082. I not). 

The escaping sleaiii, carrying with it 
the Nil., gas, jiasses nut at the toj) of the 
column (' and throngh tthc tube ,r.v- into 
the lead-lined (orvnlvic stone) “safurafnr” 
R ennstriicted as .shown, with a leaden 
“ bell ” dipping tinder the surface of 
sulphuric acid (go" Tw., 45" Kc.) which 
enters in a continual stream. The NH,, 
as it enters unites with the sulphuric 
acid to form solid ammonium sulpliale 
(2NH,, -h H.,SO, = (Nil,).,SO.,) vyhich 
seiiariites out in the liquid. 

It sh.iiild lie noted also that miiyh heat is 
esolved hv llie union of the sulphuric acid .and the 
ammoniti in the saturator, the heat of intei.action 
lii’ing suffleient not only to maintain the saturator 
at the lioilirijT point, and cnin]iensate for tuiavoid- 
ahle losses li_v radiation, etc., but also to more 
titan evaporate the whole of tltc water contained 
in the arid, amounting to 20-30 pet eent., .so Ihiit 
the apparatus can be washed out from time to 
time, as neecsstiry, without wasting tite utishings, 
or evaporating them down esteinalh. 

• 

The saturator just de.scrihcd belongs 
to the '^partly open ” type, the hot waste 
gases being led off by tlie ;.>i])e in to the 
heater K, and the sulphate accumulating on 
the floor of the .saturator, the workman re¬ 
moving the latter as it separates by means 

esf « .-s.,^f>-s«-s...,J 1.1 _ 1. .1 
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open part of the tank. The crystals of sulphate are then placed on a lead-lined 
drainer, so that the mother liquors flow hack to the saturator. 

More often the ammonium sulphate crystals are removed from the saturator by 
means o‘, a steam discharger (working on the princijile of the air-lift), which drives 
it in the form of a coarse mud, together with a considerable amount of mother 
liquor, '.’u to the drainer, and thence it i.s passed into the centrifugal machine.s, the 
mother'liquors invariably running back into the .saturator. In this type of plant 
a closed .saturator is used, as de.serihed below• 

Fig. 2 show.s a modern ammonium .sulphate plant, erected by the Chemical 
Engineering Co., of Hendon, London, N.IV., for the firangetown (las Works, 
Cardiff, in 1911. This plant is capable of producing ^ tons of ammonium sulphate 
per twenty-four hours. 

The .-iniinoniucal liquor oarers itie muUituhuIur heater N jt the hortom throtigh tr, gasses iqr the 
pipch’ iti.siflc's, and is thereby heated ti) the boilinjj jioinf by the steam and liot waste pases frnin 
the saturatfir n. ^'hcsc hot vapou's issue from the salunuor at A, pass alon^^ tfie pipe oo, then 
encircle the lubes in the inteiior of the hcatei N. hcMtmj^ the ammoniacal li<|U(ir thetein eontained 
to the Unling iH)int, .and bein^^ partially eondensefl in so <loin^. 'I’he''undensetl sleam (known as 
Devil Liquor, on account t)f the ll._,.j, Nil;, UCN, ulc., confainetl iberoin) urns off into the 
sealed closcti tank i, and is punijied liack throui^h MM, and mixed witli the litpior, the whole 

thu.'s passm^f thrf>u^li the lupior still i . wliidi renders it inodorous, tht' lifiimrs bein^ finally run to 
waste after passing through the liijuor suH m the form of “sjienl iKjuor.” Any moisture not 
condensed by the hetUer N is finally condensed in the eondeiisL-r I* (two are employed) of similar 
^onstrurtion to N. 'Die 1 LS and ('(). from the saturatoi ti, however. |)a'S for tlie most part away 
from tiic CMl ^ases. being puiified with oxide of non, and the recoveied is suljihui. 

The ammoniae.d hijuoi. lieated to Ixnling in N, jiasses along the pipe and enteis the liquor 
still c 111 the top, and slowly tl>>ws by a senes of w'mrs. in a tlownward diri“Clion, through the fifteen 
chambers to the automatic exit, wliidi is ('ontrolled by the spent liipioi valve K. \ is an ariange- 
meiU for controlling the pies^ure in the siill. .Steam is admitted at the iiottoni of the still by the 
pcrff>rale<! pipe ss. and bubbles through llie liquoi in eaeli ch.imber, tr.ivelling in a reverse <iirection 
to the liquor, and carrying willi il the ammonia and the gases, H,_,S and COo, which p.as>, away from 
the lop of the still i.) Uie aeul saturator H ; llie IL.S and C(X. ihenee escape along oo to the 
convlcnsers, atifl leajipeur in the “diwil liipinrs" at N, as previously explaine<i, and in th<‘ waste 
exit gases from ix 

In order to i-omiilc''- the removal of lixetl ammonium, salts fiom the liqiuir lime .m; automatically 
admitted i ■ the mitltlle chamber of the still at T'. I> being the auxiliary lirnemg still (see p. 45 ^). 
winch acphs as a reservoir, and rtUains the lime sludge. *l'he lime is slaked in 'r witii spent iiipior from 
the stills, and forced into the still c .it Ixiiling lemjteraUne at the reijuired rate, by imans of automatic 
pumjis. K IS the automatic valve contiolhng the admission of lime to n. The saluiator B is of the 
rouml closed type, const i ucleii of 40 li)s. chemical lead. In this satin at or the ammonia coming from 
the still f passes ihiougii the pipe rr near)} to the bottom of the saturator, and bubbles through 
the at'iii iulli 1 )V means of the perforated jnpe w\\. 'I'hc saturator is i-ontuniously fed with sulphuric 
acid in piopoition to the amount of entering ammonia. The chemical action, caused by the 
ammonia uniting with the acid to form ammonium sul)>hafe. ilevelops .suilicient heal to cause 
Vigorous boiling ; the uprising steam, logHiher with IL.S an<l ('Oo from the ammoniacal lupiors, and 
some ammonia escape .at a high temper.ituie through the tube 00 lo the heatei N and condensers 
p, as .above explained. 

Th<* sulj^hate of ammoni.i is deposited in a ciystalline form into liu- well \ at the Ixittom of the 
saturator it, from which it is pum[)ed In means of the steam discharger vv to the receiving tray c., 
whence it gravitates at intervals to tlie centrifugal machine (descnhetl in Martins “Industrial 
Cliemisiry: Organic"), the ti.vy holding a charge of about 4 rwt. The centrifugal machine 
separates the mother liquor, which Hows hack lo the saturator by M't. Aftei two minutes’ 
Mimniiig the renlrilugal machine H is slop]>ed, and the dry sulphate of ammonia is dropped 
through the centre « live on to the elevator conveyor and deposited in the sloie. 

'rhe apparatu.s ust;d for the* manufacturti of ammonium sulphati^ by thu Coppee 
Gas Co. is shown in Fig. 'Phu diagram, I’ig. 4, e.xplains the modu of working 
of the apparatus. 

Vhe crystals of sulphate thus obtained arc sometime.s washed with a very little 
water, dried, and put on the market for manunal purposes, containing 25.1-25.3 
per cent. NH.,. (NH^^^SO^ requires NH3-25.8 per cent, los.s than 0.4 per cent, 

.free H0SO4, an i no cyanide, since the latter is very injurious to vegetation. 

Chemically pure ammonium sulphate is .sometimes, although rarely, obtained froffi this raw 
ammonium sulphate by crystallisation. * 

Treatment of the Waste Exit Gases from the Ammonium Sulphate Plant.— The acid 

gases, such as ILS, UCN, and COo, which pass with ammonia info the sulphuric acid in the 
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saturator are not absorbed therein, but escape with steam into the muUitubular preheaters and 
condensers, and after heating the entering ammoniacal liquors in the lul>es in the preheater as they 
pass on their way to the still, the cooled gases, consisting of 1 ICN, aiul COo, finally escape either 
(i) directly into a furnace, where they are burnt in order to destroy the poisonous lUlN, the IT.iS 
burning to ; or {2} into an absorption apparatus using iron oxide purifiers (as in coal-gas works 
for purifying eoal-gas) (sec Martin's “ Industrial Chenli^try : (diganic ”); or (3) where tlie UjjS is 
recovered as sulphur, ami nitrogen rccosered as I’russian blue, tlie gas is burnt in a limited 
supply of ‘ accoiding to the Claus pnu'ess, whereb) the ILsS iiurns, depositing S, which is ihcieliy 
recoveretl. 

However, in most works the gases are simply burnt, the products of combustion escaping, 
unutilised, uji the cliimiie). 


MAXUFACTITRK OF AMMONIUM SUFPHATF FROM 
MONO GAS^ 

Very similar is the production of ammonium sulphate from Mond Gas. 

The coal is charged into a distributor and hopper from an elevator, and then 
lalls into the “generators’^ where, under the inlluence of a mixture of air and 
steam, it IS gasified in the manner described in SeUion XLVIll. See also the 
section on “ Producer (las” in this \'olume, tlic eipiations being:— 

. i). ^ <'()_. CO. + C _ 2 (' 0 . ll./J C CO + II.,. 

There is thus ]>roduced a gas con.sisling mainly of (.‘O, admixed with some 
hydrogen. I'he N m tlie coal esi'apes in yo-So per cent, as Nli.j with the issum^g 
gas. The gases next stream through a .series o( “coolers,” in which they 
exxhange their heat with the air which is streaming into.the generators, the air 
being thus preheated, and the Mond gas cooled. Next, the gas ]iasses through a 
washer, where it is largely freed from tar and dust. Finally, the gas passes up a 
lower, where it meets a stream of descending sulphuric acid, which combines with 
all the ammoma in tlie gas, forming ammonium sul[>hatc. This acid solution is 
pumperl b\ an aeul pump u{) a tower, a continual circulation of the acid in 
the tow! being kept up until the acid is practically saturated with ammonium 
suiphau, when it is lun o(f and evaporated in a special a])])aratus, and the 
ammonium sulphate leci.vered. ITom tlie tower the gases pass through another 
tower, where they are treated with a stream of cold water, wheieby the gas is cooled 
(and the nater heated), and passes away directly to the gas engini*s or furnaecs for 
use. Tile hut water obtained from the second towiT is now pumped up the third 
lower, wlu-re it i.s allowed to How down against an incoming current of cold air> 
winch it Utus .saturates with water vapour, the air current then going on to the 
furnaces lor tfie production of the (X') by partial combustion of the coal. 

While 1^1 uuilss ami cnivc t)\ens sraioely ever more th.in 20 pel cent, of tlie N in tlie 

•■oa! h obt.iined in the lorm of lunmonia, m tin.- Mon<l-gas jiroi'es^ no less tiian 70 So per cent, of the 
niUotjen jiresenl in il.e lo.il is ultimately converted into ammonui, .uid recovered as ammonium 
sulpb.Ue, tacli ton oi cn.il yields t)ver 40 kg. ol ammonium siiljihalc, against 10 kg. obtained 
in coke ovens. ()vet 4s. per ton jirofit can !>i ma<le out of the ammonium sulphate thus rccovereil, 
which lead*, to 11 finthei reduction in the juire of the gas foi power. 

According u- ('a >, e\en the vvasic ol>tained by washing ceitain C(*uls containing onl) 30-40 
jKT eeni. C and uo 70 pci cent, ash, and so useless fur liurnmg in the ordinary way can he 
gasified h\ the Moiei process, and a verv considerable percentage ol tlie nitrogen recovered as 
amtiKiiiium .sulphate, i ton o( Uus waste mntena! yielding 25-30 kg. of .tmtnonium siilpluite and 
50 100 ll.l’.-houis in the liiini of electiiral cMiergy. 

i^so moist peat ('an lie gasiiicd in tlie generators, and tlie contained nitrogen lerovercd as 
ammonium sulphate (Woltereck). 

Foi furtlier details the reader should see this \ olimic "n'lei ** I’nidin ei-das " ; also Caro, “ Die 
.Siickstohrage in Deutschland'* (1908}; C/wff/iirr /I'lfuhx, >>li, 505: Frank, Caro, am! Mond, 
C/ii'fr , I90t), 1569; Noiicm, Con\i(/iir AV/e/'A pp. 40, 170; Lange, “{’oal 'I’m and 
Ammonia.'' 1913. SOI ; Woltereck, Knglish I’utents, i(),504, 1904; 28.903. 1906: 28,904, 1906. 


• • 

^ See this Volume undei “ I'rodiiccv-Has,'’ where tiie compo-.ition )f the gas and the nature of 
the furnaces, fueU, etc., are discussed. • 
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MANUFACTURK OF AMMONIUM SULPHATF: BY THE 
DIRFXT PROCESS FROM COKE-OVEN GAS, BLAST- 
FURNACl', GAS, PRODUCER-GAS. AND SIMILAR GASES 
RICH IN AMMONIA 

This is a proljk'in on whicli ii yrcat doal of elaborate work has lieen uiriiciided 
during tho Iasi fifteen to twenty years, and even at the present time it does not 
scetn to have lieen completely solved. 

Ammonium rarbonale is very volatile, and consequently iiassing the gases directly 
through water only latuses the formation of a dilute ammoniacal “gas liquor” (as in 
gas works), the direct distillation of which would he ex])ensivc on account of fuel 
consumed. 

It is, therefore, nuu'h more ei'ononiical to pass the gases dirci'tly into fairly 
■conccntruled sul]>huiic acid, whereby matteis must be so arranged that solid 
aininoniuin snlpiiatc separates rhreetiv, that the coni'cntr.iled suljthurie acid is 
not greatly diluted bv the steam, etc., in the gases driven through it, and finally, 
that the resulting tar is not spoiled liy the treatment. 

One of the most sueeessfiil systems is that embodied by the Kopp0r Ammonia 
Recovery Plant. 'I'lie gases coming from the coke ovens, etc., are lirst cooled 


COOLERS 



to 40” whereby the heavy tar oils and the bulk of the .steanr (with 20-25 PC 
<'ent. of the total ammonia) is depositeil in the liquid form. 

The gases are next pa.ssed through tubes whereby they are reheated to 6o“-So" ('.•— 
the hot furnace ga.ses in eountei-curnmt being used for this purpose and the hot 
ga.ses are then directly passed into 60° Be., 141" Tw., H2.SO4; simultaneously the 
Nll„ which has been exiielU'd from the conden.sed liquors by healing them with 
lime; is also passed into the H„SOj. The NH.j directly combines with the H.^SC), 
and ammonium .sulpliate separate.s in a solid form in the saturator and is withdrawn 
from time to time, centrifuged, and dried as previously described. 

Fig. 5 shows Kopper's Plant. i 

I’hc* lujt furruirc oi loke-oven jiiiscs siic piisst-d tiivougii cddUts a, h. < , until lhc\ urc rD(>le<i it) 
al)out 3o‘’-40'' ('.»ami thou arc !cd throujjh a IVIduzc tar iepdralur (Martin's “ Industrial C'hemistry i 
Organic”), k, so lliut almost all the lar ({)Ul nut tlic lighl oils) arc ctmdcnscd, togetiuT with niofcl of 
tilt* water, which contains 25*75 amniunia (according to the* temperature), all 

the fixed ammonium salts (N’ll^t'K etc.), f’tc., etc. The tar and the ammoniacal water flows into a 
holder /, the lar ))eing run ofi at llA- hoftom into .mother holder w, while the ammoniacal water 
runs into a second holder )/. ( 

The tar-free ga.ses arc again reiicated in E to C., and then are passed directly into the 

holder tjontaming concentrated 60“ Ke. (141“ Tw.) .sulpliuric acid. The solid ammonium 
shlp)hale immediately separates, and is forced out from time to time by means of compressed air 
into the collecting trav h, thence into the centrifugal maclnne /, where excess of acid is drained off. 

The reheating of the ga^, l)cforc passing jnto llie sulphuric acid, aids the evaporation of the water 







THE AMMONIA INDUSTRY 


463 


• 

Irom the sulphuric acid. The iicat (T the reaction going on in is alone often sufficient to achieve 
this, especially if all the fixed ammonium s;ilts liave been previously remo\t‘d. The gases escaping 
from ,i' contain Ix'nzene, and are passed on llirougli heavy oils to extract this substance, as 
described under Coke Ovens in this Volume. 

The ammoiuacal water in « is distilled in a column with lime in the usual manner for ammonia 
(see p. 4y), and the gaseous ammonia e\ohed is often directly sent hack into the gas stream 
(between the coolers a and H) to he fixed by the sulphuric acid in Since the amount of 
depo.sius ,..s-w.iU‘r here only amounts to sdmul 20 per cent, ol llie washing water formerly needed 
to estracl the amimmia in scnihliers, it is staled that liie cod of the distillation of the ammonia 
ami the quantitv of llu- troublesome waste watei is niueh less ilian liy the ordinary process of the 
ammonia extraction. 

In the Otto-Hilgenstock Ammonia Recovery Process (Fig. h) tltc old 

conden.sing plant is entirely di.spensed with, the tar being removed from the entering 
gase.s by a tar spray iit A at a temperature above the dew-point of tlie liquors. 

After depositing the tar in U the gases pass directly thiougli an exhauster E into the saturator K, 
where tiu* whole of ilie ammonia is caught by the .sulphuric acid. The gases coming from the 
saluralor are hot, and contain all tlieir moisture in the form of steam; the gase.s are, therefore, 
p.is.sc{l forward to the oven ilues, ami the Irouhiesome and offensive waste liijuors are thus grU rid 
of. ( is the tar--.pray pumj), D the tar-spr.ay feed jupc, o. is the jici<l-sj>ray catch Ui\, H die mother 
lupior return pipe, i the tar store, k the tar-spray overflow ]upe, i the condensing lank, m the 
pump dclnering tar to railwa} trucks, \ d'e pump delivering condensers to the saturator K. 


Heturn to Ooem 



'i'hi.s process, by tibolishing condensing plant, li(pior tanks, ammonia stills, 
lime mixers, pumjis, etc., effects a great saving, sintx* less floor space is required, 
and nearly the whole of the steam required to distil the ammoniacal liquor made 
by the condensing process is aboli.shed. Also no ammonia is lost, a.s often arises 
in a distilling plant. The ammonium sulphate produced contains 25-25.5 per 
cent. N and contains less than o.i per cent, of tar. 

The Coppde Company’s Process of Semi-Direct Sulphate Recovery 

is illustrated in Figs. 7 and 8. 

MANUFACTURK OF'CAU.STIC AMMONIA (LIQUOR 
AMMONIA) 

A crude aqueous solution of ammonia, containing ammonium sulphide and 
sometimes carbonate, is manufactured under the name “ Concentrated Ammonia 
Water" by distilling ordinary gas-water without addition of lime in column 
apparatus. 

Concentrated Ammonia Water is used us a contenitffil soak s ofauimonia cither for ammonia- 
soda factorie.s, or hr facltirie.s wliich, possc.ssing no ammonia plant of their own, require ammonia 
gas in a concentrated form, for manufacturing .sails such a.s NH4CI, NlI^NOy, etc., or liquid 
NHj,. It contains much less COg and ILS than the ordinary diluted ammoniacal hqu6^s of gas¬ 
works, because thc.se gases, in general, escape during, he distillation Ixifore the NH;, gas. ThiS 
liquor is much cheaper than the pure a(}ucou.s solution, and the presence of some CCJg and M.^S 
docs not affect the manufacture of many chemicals. * 
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Two varieties of “concentrated ammonia water” are manufactured;—(i) One 
containing 1518 per cent, of NH., with both .sulphide and carbonate present; (a) 
one containing i8-a6 per cent. NH,, containing some sulphide but practically no 
carbonate. 

(1) 'ihe first liquid is made by passing the ammoniacal gases from the still (as 
described above) through a reflux condenser, whereby some moisture is removed, 
and thfn into a direct condenser, the gases from which are washed through water. 
The foimation of ammonia carbonate and resulting blockage of the pipes prevents 
a higher concentration of NH,, being obtained in this manner. 

(2) To manufacture the second li(iuid we jiroceed as before, but the vapours 

from the still are passed first through the reflux condcn.ser and then through ves.sels 
containing milk of lime which removes the (Xb and some The vapours are 

then condensed and contain 22-26 per cent. NH.„ some H.,.S, but little or no CO„. 

Manufacture of Pure Aqueous Solutions of NH,,. Tfie ainmniuacal Iiciuor is fust hcale'i 
10 7o''-So" C. in older In expel most of the ( (),,.'ind ti.jS. T he liquid is next distilled in .a coUmin.ir 
apparatus, as pieviously described, and llie vajiouis ate passed, first through a reflux condenser 
(to remove some water), then through milk of lime washers to remove Ct),, and fL.S (the partly 
used lime being uin bark into the sfdl to decompose tlie fixed .immonium salts), the last traces of* 
li-jS being removed by either passing the gases through I'ebt), solution, or tlirough a little NaOH 
solution, y. Louts h'ouc.ir recommends amnioiii.im pcisuljiii.ite or .soiiiiim jiermanganate. 

Lastly, the vajiours pass tlirough wood ch.irco.tI, which removes tarry matters, and then 
(sometimes) through a non-volatile fatly nr mincial oil. The fairls June Nil, gas is tiien led into 
distilled water until the required coneenlralioii (iiji to aliout 36 jier cent. Nil, is allainahle) is 
libtained. 

The charcoal filters arc rcvivifieil from time to lime fi\ ignition in closed retorts. 

The following table gives the specific gravity of atiucous ammoniacal solutions of 
various strengths (after I.unge and Wiernck) ■— 

SPKCinr (iRwnv or A'lucous .Soi.unoNS m- Ammonia at is'C 
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Nlij 

I Lure 

! Sj)ecific 

! Nilit 

1 Lure 

(IravT* 

pci Cent. 

Cl Hll.lIIlN 

g. IIN,. 

Cr.ivii}-. 

pel ('ent. 

contain^ 
K- MI,. 

I .<)()0 

0.00 

(\o 

0 9 v> 

Il).82 

157 4 

O.qqS 

U. 4 S 

4 S 

, ^ 934 

* 7-42 . 

Ib 2.7 

o.gyd 

O.OI 

9.1 

0 <r ,2 

I sS 0 3 

16.S. I 

0.994 

i-V 

1 ’,.0 


18.64 

> 73-4 ' 

0.992 

1.S4 

[8.2 

0.92S 

1025 : 

178.6 

0.990 

2-31 

22 9 

0 9^6 

19.87 

1,54.2 1 

0.988 

2..So 

27.7 

0 <)>4 

211.41) . 

159.3 

0. qS6 


)2 S 

0.0>2 

21.12 

194-7 

0.984 

' ' 

37-4 

0.920 

21.75 , 

200.1 , 

0.982 

4- 

42.2 ^ 

o.<m 8 

22.39 

205 () i 

0.97S 

.v 3 t^ 

51.8 

0.910 
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TPXIINICAL AMMONIUM SALTS 

Ammoniuni Sulphate, {NH,,)„.SO|,—Mantifacturcand properties are described 
on p. 456 el .«rv/. Sec also under Manures, Volume II. of this work. 

Heat of formation i.s given by:— 

Nil,, (t;as) -I JIl.SOj - (siilid) H 25.5 C'iil. - IJ.T.U. pel eq. tim S./A. 

Ammonium Chloride (Sal Ammoniac), NH,C1.~ I’repared by passing 
vapours of ammonium into HCl, or via- versa. Sal ammoniac is the sublimed 
chloride. It is .somewhat e.xpen.sive to sublime owing to the difficulty of obtaining 
suitable vessels into which to sublime the chloride. ('heap earthenware is often 
used, which, however, can only be used once, as it has to be iirnken to remove the 
sublimate of sal ammoniac. 

The substance is used in galvanising, in soldering, in galvanic cells, in the 
manufactme of colours, in calico-printing, in ]iharniacy. 

< Heal of formation is given by .— 

Nil,(gas) I ll(.’l(g.is) — NlljCl (.snliil) 1 ql.pkal. ~ 2.019,300 li.T.ll. par e*]. Ion .S. 

Ammonium Carbonate.- ('ommercial aminonium carbonate is usually a 
inivture of ammoniuni bicarbonate, NH|H('(.).., and aininonium carbonate, 
NH| 0 .(: 0 ,N 1 L. 

'I'he ammonia content of the mixture varies between 25-58 per cent., the usual 
percentage of ammonia being 51 jicr cent. 

It is most easily made by direct roinbinalion ol ammonia, carbon dioxide, and 
w,iter vapour, the siihstance being condensed on water-cooled surfaces of aluminium. 
The substance is volatile, and should at once be ])acktd into air-tight ves.sels in 
order to avoid lo.ss. 

It is used in the manufacture of baking ]Knvders, d)cmg, in extracting colours 
from lichens, in caramel making, .smelling salts, etc. Also as a general dr'teigent, 
and for removing grease from fabrics. 

Ammonium Nitrate, NH,,NO.,.—See p. 435 for manufacture and jiroperties. 
Its main use is for .s.ifety ex])losives, S])orting powders, lirewoiks, etc. Much is 
used for the preparation of nitrous oxide, “ laughing gas.” 

Heal of formation is given by :- 

NIT., (gas) -s UNO., = NIbNO;, (solid) i 27 k.al. ~ 1,087,900 il.T.Ik per oj. Uin .S./.\. 

Ammonium Perchlorate, NH^CIO,, is prepared by the double decomposition 
of NaClO, and NH/'d. 

Nor jjutents hearing on its nianufactiire see Alvisi, Il.K.I’,, 103,993: Miolati, P.K.F., 112,682; 
see also Witt, Chem. ^/g., 1910, p. (134. 

'I'he salt i.s obtaining extended use as an cx])losive and oxidising agent, soluble in 
5 jiarts cold water, insoluble in alcohol, sp. gr. 1.89. 

Ammonium Phosphate, {NHj).,HNOj, is made by neutijiUsing phosphoric 
acid with ammonia, evaporating, and crystallising. Used in tlic manufacture of 
sugar (Lagrange proce.ss), and m the impregnation of matches. 

Ammonium Persulphate, (NH,|),jS/)„, iiiejiared by electrolysing an 'acid 
saturated solution of ammonium sulphate at 7° C., using 5 volts in a S])ecially 
designed apparatus. Much ulted as an oxidising agent in dyeing and photography 3 
.see the IXR.J’., 155,805, 170,311, and 173,977; also Marshall, Txans. Chem. See.,. 
1891, pt 777. 

Ammonium Thiosulphate, (NHjlj.S.jO.,, Jirepared by double decomposition, 
thus—2NHCI + NujSSOs = (N + 2Na(d. Used in photography. 
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Ammonium Acetate, NH,OOC.CII.,, prepared by neutralising acetic acid 
with ammonia, and used for making acetamide. 

Ammonium Fluoride, NHJ\ made by neutralising UK with NH,, is used 
for etclfir T, gaiss, decomposing minerals containing rare earths, for the manufacture 
of incan.i scent mantles, for preparing antimony fluoride and other technically 
impo*ant 1. .fallic fluoiides, and also, to some extent, in dyeing. 

Ammonium Sulphocyanide, Nll/JNS, occurs in gas liquor, and is often 
])repared by adding llowers of sulphur to an ainmoniacal coal-gas washer, ammonium 
polysulphide being formed and cyanogen absorbed. It can also be made from 
dS.j and NH^aN llj ^ NHjt.'N.S f H..S. Used in photography, calico- 
printing, and dyeing. 

Ammonium Chlorate, NH|(' 10 .., used in fireworks and explosives. 

Ammonium Bromide, NH|lir, u.scd in pharmai-y and photography. 

Ammonium Oleate is used in ammonia .soaps. > 

Dry Ammonia, CaC’l.,KNH,., containing Oo per cent, of NH.., is made by 
direct combination, and h.ts in (Icrmany a market as a ])ortabli; and compact 
form of ammonia. 

* “Solid Ammonia” is manufactured liy the ('heniische Fabrik Helterliau.sen, 
'.Maniuart & .Schult/, by adding to a mixture of 3-5 parts of sodium stearate 
(dissolved in 10 jiarts of aipieous ammonia or So per cent, spirits of wine) 
about 85 or 90 parts of ammonia solutions containing 25-33 per cent, of ammonia. 
The mixture has a consistency nearly equal to that of sohd paraffin. \\'hen heated 
or left exposed to air it gives up the whole of its ammonia, leaving behind the 
.solid sodium stearate. 

Large quantities of ammoniated superphosphates arc made in the United States 
of America, containin'' up to 6 per cent. NH.„ and made by treating the super¬ 
phosphate w, h aTnmoma or merely by mi.xing in ammonium suljihate into the 
stiperiAo.sphate. J'roducts are used for mamirial purposes. 

Anhydrous Ammonia (Liquid Ammonia) is simply the purified NIL, gas 
liquefied tmder pressure and filled into steel cylinders. 

It is the most suitable and efficient working substance for refrigerating machines, 
and is used in some wool-washing institutions for cleaning purposes, the substance 
, being an excellent .solvent. 

Tlllf lininil iKiiP .it 34" C. .\t is' C. llie ln[iiul has :: oipour k-iisiun "f () alnaisiihcrcs. As 
a litiunl it It.ts a siT) l.uge (Siftfa lent iit esjtaiisKin, itiii! a si>t'Citk-(! weight .41 15" C. iif 0.614, 
60" C. lit o 540. 

Ill .ihI<< ill maiillf.irtuie the sulist.uice, excess of lime is aililed to riiide gas-water .so as to fix 
all the C(and ILS, aswell as In set flee all llie .immoniii from the “fixed” aranioniura .salts. 
The lli[imris Uien ihslilleii in a sjiecial column a]i]i!iraUis, somcwlinl similar to that descnlied on 
p. 456 for ammonuiin sulphate, hid somcwh.u more coniplualed. the large masses of mud-like 
lime leiiuiring special vessels for mixing, depositing the )ireripitated mud, and for hoiling out tlie 
ammonia. The Nil,., ga' emerging Ironi the euliimns is cooled and llieit nmile to lrnvfr.se a 
luimbet of vessulsjcomaimng milk of Imie, wherehv the last Iraees of II.sS, elr., are remoxed. 
The vapour tlien passes tlnougii a liner of piranin oil, wlneli letains tar and pyridine, etc. Then 
the gas pissi's through chareo.d fille's to remove the lust traces of tany mattei.s, eti'. The dr\ 
and pure vapour next pisses to the piinp's, wheie it is liipiefied under 8 atmospheres' pres.sure. 
The,operation is usually earned out in two stages, the gas healed in the first eoinpres.sion jmtnp 
being cooled by water e’uohng before lieing pissed into the ne.xl iium]i wliere llie final liiiueficatioii 
take? place. 

The liquid is storcl in steel cylinders, usually made fo laSn cil'iei 20 kg. or 50 kg. of liquid 
.'amnioiiia. Tlie cylinders should lie tested every four rears at 30 atmosplutes’ pressure, for each 
I kg. Ikpiid ainniimia tlaie is alloweil a volume of 1.S6 I. The liquid .immonia, on evaporation, 
should not leave behind more than o.l ])cr cent, residue, consisting of water, mhclnne oil, 
pyridine, etc. * ’ 
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SevI'Kal methods of making atmospheric nitrogen unite to form ammonia have 
bt^en proposed, and have been commercially suct'essful. In the course of a few 
years large amounts of hynlhetir' ammonia will be on the market produced by 
one or other of these methods. 


(li AMMONIA DV DIRECT UNION OF NITROGEN AND 
HYDROGEN l^V MEANS OF A CATALYST 


IJTKRATURK 


F, IlAnicu and I\. l.K KossioN')i..-Technical Preparation of Amimuiia from its 
Elements,*’ ZeitSihriJi jnr Elektyothninv, 1913. I9» 53'72* 


Under certain conditions nitrogen directly unite.s with hydrogen to form 
ammonia according to the equation:— 

N, H 3 IE ~ 1 . 

1 vol. vols. \tils. 

•Heat evolved according to the equation:— 


N t Jll = NILilg.-is) -i n.900ciiUiries z=^737,(xjO li.T.U. per ci|. Urn S./A. 

This oqnatioi' is reversilrle, (lejregdinir tiiroii the equiiihrium isprcsen’erl l>y tire esprc.ssion :— 


Ks 


'NH, 

'IP'*.' 


where Pnh- 1* represent the partial jrressun s of llie rcspi^tive gases, NH.j, N.^, Hg, 

and K is the reaction constint. 
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II will he noficci} that 4 vols. of tlie mixture nitrogen and liydrogen pioduce 2 vols. of 
ammonia, and cniise<|UcnUy, as in the case of all gasetms rcarlions where the products of interaction 
occupy a smaller volume than the original components, and increase of pressure favours the 
formation of the jaodnrts possessing the least \olume. Hniier and his co-woikcrs found that hy 
employing a Ncry fngh j)ressure, ahoul 200 atmospheies, and a lemperatuic of between C., 

ami iiy passing tlie mixluic of gases over a catalyst, such as osmium 01 uranium, the comoination 
of nitrogen vvith hydiogen ]>roi:eeded so f.ivouiahly that ftom 3-12 pei cent, of ammonia was fonned 
in the reacting gases. , 

It will be seen from tlie above equation that largo amounts of energy are not 
required for the produriion of ammonia from its elements, and that, therefore, 
the manufacture of synthetic ammonia need not be confined to districi.s where 
large amounts of cheap water power are available, as is the case with the electrical 
production of nitric ncid, cyanamide, etc. 

The liadische Anilin- und Soda-Fabrik liave now erected works at Op[>an, near 
Ludwigshafen, for the large scale preparation of synthetic ammonia hy this process. 



Although the details of the plant employed on the large scale liave not been 
published, the details f)f the experimental j>lant employed by Haber and Le 
Rossignol have been described in the above publication. ' ' 

A (liagrAmmalic sketch nf ilabcr .ind Lc Rt>ssigiioi'-, cspeiimciital jipparalus is given in Fig. I, 
Through the luhc F si mixturt' of i \ol. niliugen und 3 vols. o! hydiogen imdci n prc.ssurc of 
200 atmospheres enleis the .stiong steel vessel MM. Aflci ]).issing ovei the nutev suiface of a num^)er 
of capillary metallic lutvs w—which seive as a heat niletchaiiger and legenoruloi as we will 
prc'^ently explain—the gus passes dow^ the,, tube as shown, over the suriuee of an electrical heating 
coil AA, where the lomperature of the gas is inruMSed to S( 50 ‘-i,(xx>' C.. tlien l^ack up an interior 
iron tui)e ss, over the I.ivci of c.Ualytic sui)stance », thence ihroiigii a numhei of capillary tubes W, 
out ihrougl^ the lul)e xx, thence through the c<'mpressiiig pump f, woiking at 200 atmospheres’ 
pressure, thence out through lire tube R, lhri);igh the set of capillnr) lubes \, and so into the vessel 
H*, whicii is surroumied Iiy a Iree/.ing mixUne ol solid C().. ami ellier at .1 temperature of ~6o'’ or — 70", 
which causes the ammonia the gas to separate in liie liquid state, whence it can Ire drawn oft 
hy the cock J. From H the gases pass away^hy the lube f, over the exterior surface of the system 
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of capillary tubes X, thence after passinfj over a soda-lime drier K, the gas enters M as previously 
describetl. 

The mode of action of the apparatus is as follows:—The cold gas entering MM by the pipe K 
is heated by passing over tlic bundle of capillary tubes w conveying the hot gas away front the 
contact substance B. 'I’hus the entering gas is, by the time it has left w, preheated to a 
tempcr.uure of 400’-500'' C., and in so doing has idislractcd practically all the excess heat from the 
hot gas passing awa)' Horn », so that this latter, by the time it reaches the pipe xx, is jiractically 
at al> -pheric tcmjTfcrature, while at the same time tlie entering gas, by the time it reaches the 
heating coil A, is already at a high lempoiature, so tiial piaoticaliy no loss of heat occurs. l‘*or this 
reason \v is called the “heal regeneuitor." The hot gas thus entering the tui>e ss is further heated 
in Its passage liy the cleclrica! heating coils suirounding the end of tlie luiie ss to a temperature of 
8oo''i,ooo'' C. Tlielioi gas then passes into the contact substance Bj wlilch is niaintaine<l by the hot 
gas at a temperature of 5oo"-700^ llcie llie foimation of aminuin.i labes place, 3-7 per cent, 
of the entering nitrogen and hydrogen escaping as Nib,, along with excess of uncombmed nitrogen 
and hydiogen. The liot mixture of gases horn H then streams tliniugh the scries of fine capillary 
tubes w, and in so doing gives up fiiaclically ull its heat to the cold enleiing stream of gas coming 
into tiic apiraratiis at K. Tlie g.iseous mixture, now cooled to ordinary temperatures, jiasses away 
llirotigh the pipe X\' into the pump P, woikmg at 3 ud atmospheres, and tlien passes tlinmgh the 
series of metallic cajiillary lubes x. While passing ibroiigh tiiesc it meets with a cold stream of 
gas at -60" coming fi0111 1 lie vessel 11 . Consecjuently the gas in tlie capillary tubes XX parts 
with Its heal to tlie cold gas coming fiom ii, being itself chilled in so doing, and passes out of^ 
through the pijx* lil> into H at a temperalun- onlv slightly above that o( the cold gas escaping from 
H. The cold gas passing troin H up K is lieaLe 1 almost up to atmospherie lemperalurc by the 
capillary tubes X, and thus jiasses away tliiough the <lrier K and enters MM at K at a temperature 
only very shglitly below alnios]dieiic. For this teason llie lulies X aic called the “ cold regenerator." 

The gas entering tr (•(Mitains py per cent, ol and this comlensos in a lujuid form at the 

low temperatme ( - 6tj'’ (' to -70" (^) piev.uhng iheieni, owing to the surrounding freezing 
mixture of soIkI and <-thei-. 'I'liis .unmoma can l»c diawn oH in a hquitl form by the tapj, or, 
if re<]uired in a gaseous form, e.in lie so obtained bv opiuiing tlie outlet valve to a suitable extent. 

As the ammonia is wilfidiawn a tiesii supply of nitrogen and hydrogen is added ihrougli the 
valve (1, so that the oj'eiation is a conlnnious one 

In praciice, the very serious engineering openilions of working continuously a 
plant with gas ut 200 atniospluTe.s, without leakage, has iietui got over by carefully 
turned screw joints, one part of an angle of 16’ screwing into another part of an 
angle of 20’, so that perfectly gas-light connection.s were made in thus way. Kor 
special details of’’onstraclion tlie original memoirs should be consulted. 

Ho rand Ills <i)-workeis have made mmieiuus esjicnments on the most suitalde catalysts to 
Use as loatacl siilistanccs, describing ibe results t)f e\])erimeiils with ci'rmm and allied metals, 
mang.uie''e. tungsten, uuuiium, luiheiiuini. .ind osmium. The best catalyst proved to lx* finely 
<li\i<led osmium, but as this subslam e is limited in fpianUiies an<l very expensive, it was found 
tliai uianmm (pieces tlie .size of .i pin's liead) also acted elticienth. 

Thu in one senes of expciimenls, eommereial uranium, bioKen up with a liammer, was 
Used in a eobitnn 4-5 inm. lii.nneter and 3 3.5 cm. I<mg. At 600' a vigorous formation of 
ammonia took place. At i()o almosphm<-s and with ihe gas mixluie jxissing thiough the 
apparatus at 20 1. pei second (measured at atniospheuc pressure anil temperature) it issued with 
an ammonia content of 5.S {jci Lent, in volume. 

■f'hc nitrogen can lie obtained from the atmo.sphere, cither by H(|uefying it 
and frae.tionally distilling it with a Idnde or Claude machine, as de.scribed in 
thi.s Voltime under “ Litjuefaelion of (iases," or simply by passing air over heated 
copper. T'he h>drogen can be obtained industrially by any of the methods 
disLUSsed in thi.s V'olume under “Industrial Hydrogen” (see p. 109). 

In 1913 ammonia m the form of commerci.tl 25 pel cent. (NI In) aminoiimm sulphate possessed 
a value of 4.7511. per lb. (Sy I*f. pei kilo), while the mlrogcn and hydrogen contained therein may 
be valued at i. 07 d*pyr lli. (24 Pf. and 17.V Pf. lot tlie ll and N lespectively, in I kilo of ammonia). 

It has been stated that the tola! costs of nmnuf.iclurmg ammonium sulphate from tliis .synthetic 
ammonia only amounts to £2. Os. 6d. per ton, and so the piocess apjiears to be the one which has 
a gteatei chance ol success as reg.irds low cost than any other melliod yet proposed, especially as 
thi plant can be ercctetl anywlierc. 

Other Processes for Making Synthetic Amironia from Atmospheric Nitrogen and 
Hydrogen.— De Lambilly ((lerman Patents, 74,274 mid 7*?''.573) passes a mixture of N.j, ste.am, 
1 I._. and t'O ovo^I’t (or other eat.alyst) at So^-ijO' C., when ammonium formate is funned (N..-I-3H2 
+ 2('0 -h 2H.4/ U.C<) 0 NIl 4 ). With ('()., at ^o'-bol' C. aminuinum liicarbor.ate is. formed 

{N.> + 3 M 2 H- 2 CU + 2 lLO=r 2 Nn 4 llCO,}- " * 

Schlutius (Knglish Patent, 2,2W, 1902) jxisses 'uwson gas (39 per cent. CO, 4 per cent. COj, 
43 per cent. No, 14 per cent. and .steam inei Pi in tiie p <‘seiice of a .silent electrical 
discharge. Pclow 80" Nil.- is protluced, above yo' ammonium fiirmute. 
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The reader may also see the patents :—Vounp, Knglish Tatent, 1,700, 1880*,. Ho<iper, U.S. 
Patent, 791,194; Cassel, German Patent, 175,480; t/orianoff, French Patent, 368,585; see 
also Davies, /.eit. physi<al. Ckcm., 64, 657 ; Priner and Metller, C. A’., 144, 694; Donalh and 
Indra {loc. lif.^ pp. 54-67) and Image, “Coal Tar and Ainmunia,” Fourth Kriitinn, pt. 2, p. S15, 
give jletails of other processes. 

(2) Ammonia from Cyanarnide.’—C'yanamidcis made by causing atmospheric 
nitrogen to directly unite with ailciuni carbide, as described on p. 475. Amqionia 
is next made from the cyanamide by passing superheated steam over it, when the 
following change takes place 

CaNCN t' llji) = CnCO. + 2NII.;. 

The operation may be carried out as indicated in Fig. 2. 

Superheated steam is led in through the pipe a into the chamlier a filled with 
the cyanamide on trays as indicated. 

Ammonia is here generated, which may he directly drawn off or else led into 
acid and fixed. 

'Pho crude calcium cyanamide contains, ii will he lememlx-rcd, much cavlxm m the form ol 
graphite, the substance as put on the market h.i\ ing the appniMmale composition ('.iNCN t- C. 



After tre.Umg with steam, as uhovr- deserihed. we have tlie residue of (’u(' 0 ;;-l-C lelt. This 
ntaj- ne either worked for gra])hite (by dissoKing the < 'a(X).. m aciil widrli leaves the C' as graphite 
unaOected), or the residue may he returned to the lime furnaces, and he there calcined for the 
})roduction of CuO, the lime thus produced cont.nning oiu-flnrd the proper amount of free carbon 
necessary for the production of calcium c.rrhide when returned li> the calcium carliicie factory 
{CaC: 0 ., + (.'- CaC) 4 {'-i CO. and CaO l 3(; -<'aCh • ('()). 

According to J, I.ouis h'oucai. since cyanamide has to he made fn>m calcium carhitle and nitrogen, 
and the calcium carbide in its turn frtmi lime and a jiU-ntiiid supply of electrical energy, the 
ammonia made liy this process couhl not, theoretnall), he produced as clieaply as the direct 
synthetic ammonia prepared hy direct union of nitrogen and ludrogen. houcar (jirivalc communi¬ 
cation) worked out tiie costs of manufacture ol ammoiimin sulpliale fiom cyiinamule as foll(»ws:— 


dost ('f carbide 
Ck)sl of nitrogen 
<'ost of steam 
Cost of sulphuric aci<l ■ 

Lebs value of graphite 


jC^ 5 0 per ton. 
020 
006 
0 If) 0 

o' 


Total net cost for iiiAlcria^s . - - - 

Cost for powder (cyanamide only) - . - . 

Labf)ur (cyanamide, steaming, etc.), ])owei, repairs, deprecia- 
< tion, rent, taxes, amortisation, salaries of stafi, and other 
charges 


Aj 18 0 per ton. 

° 7 

076 


;^4 13 o per ton. 


TotalVusi of manufacture 



SYNTHETIC AMMONIA 


473 

« 

The selling pjice of iinimonium sulphate in England in 1912 was ;^'i4 per ton, .ami the total cost 
of manufacture from gas liquor was ^^3 per ton. 

(3) Ammonia from Nitrides. —A great many projm.sals have been made to 
use nitrides, either directly as fertilisers, or to produce ammonia therefrom by the 
action of superheated steam. 

One process actuilly in use is ilie Serpek Process,' in which aluminium 
nitriae, AIN, is used. 

Bauxite (a naturally occurring impure hydrated alumin.i) is heated with coal 
in an atmosphere of nitrogen at a temperature of i,70o"-i,8oo” C. in a specially 
designed electric furnace, when N is absorbed, thus:— 

.\l.,Oj -r 3(' !■ K., - 2AIN + jCO. 

The iibsorpdun uf N begins sir 1,KX3'’ C. \ at 1,50c)" C. tliu aliscirplion is r,ipid, dm velocity 
increasing up to i,8cx)'-1.S50" C., where iilniost violent absorption lakes place, nearly chemically 
jnire AIN being jirodiiceil. Abssve 2,000" lite nllnd decoiniioses. 

The reaction is strongly endothennic, Kraenke! calculating tile heat absorlieil in tlie alaive 
.rc.irtion to be — 243,000 c.dories, and Richards, - 213,220 calories. 

■According to Richards (/»a c/V.) two superimposed cylinders, a and B, Fig. J, 
which rotate in opposite direction.s, are used. Powdered bauxite is sent into a at c 



and is calcined in its descent by the hot gases from the reaction going on in the lower 
i.ylinMer B, and also by the combustion of the flO gas coming from the producer 
K and evolved in the reaction, this combustion being carried on in the side furn.ace c, 
air being admitted by the flues rc, x, y, z, and llie baffle plates v remove dust from 
the ascending gases. As the result of this the highly heated bauxite falls into a 
hopper 11, and is there mixed with the rwpiisile amount of carbon by means of the 
side hopper e. The bauxite and cnrlion fall into the lower rotating cylinder b 
(made of iron lined with conijiressed aluminium nitride), and thence pass into the 
electric resistjnee furnace f (made of a series of bars of compressed carbon and 
AIN, crossing the furnace diametrically or embedded longitudinally in the lining 
of the furnace), where the mixture is heated to r,8oo°-i,9oo° C., and there meets the 
nkrogen from the producer-gas plant h (evolving 70 per cent. N» + 30 per cent. CO 
at 400° C.) placed'at the lower end of the apparatus. 

The nitrogen is aKsorbed, and the resultini^.''luniinium nitride, in the form of a 
grey powder, jiasscs on to an air-tight chamber K af the bottom of the apparatus. 

^ For a description of the process see Serpek’s patent, P.nglisfi Ik-iteiil, 13,086, 0^1910. Also 
]. W. Richard.s, Afef. and Chtm. En^., 1913, 1**137; also Tran^, Amer. EUctrochem. Sdc.^ 
1913* 23, 35; 8. A. Tucker, yorrrw. Soe. Chtm, hid., 1913, 32, *143; Jount. Ind. and Eng. 
Chtm., 1913, 5, 191 ; l''raenkel, iAeitsth. Eleklrothtm^, 1913, 19, 362.* 
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'I'hc siliceous impurities in the charge are largely volatilised out; .consequently, 
using crude bauxite, the mass contains 26 per cent. N, but using pure alumina, 
AloGj, 34 per cent. N can be obtained, corresponding to pure MN. 

"The resulting aluminium nitride, AIN, is next decomposed by caustic soda to 
form ammonia and sodium aluminate 


AIN + jNattll - Nil., S N.i,,A10, 

From the sodium aluminate thus produced, pure alumina can be obtained in the 
manner described in Volume II. ol this work. 


Scn.riliiif: tn Ihi UndisL-lie Amlin- u. .Smla-lMliril, [utciits (Cermiiii I'liteiils, 235 . 3 '-«' 

2?^,S6S, tlic cliniiiititiGii (jf ununniii.i ))v .ilkalics t't facilitated l»y liu* .auililn»n 

(.f NiiCl’iimi olhi-i- -.ukii.lJ s.iUs. Tlie ilu'nminisitKiii of tin.- AIN ran Iio i-Hnrlt-il I4 lu-iil,, Ihu. 
2\1N I lI..S<),-i ()H,.(J-2AI(()II), + (N!bbSOi. Thi-si.- pau-iit. woil, out im-llioiis lor ri.'CO\crmg 

tlu- Aliofl), m .T luiri.- stiilc. r ■ , r 1 

The s.iine film 111 the (n'lm.in I'.ilt-iit, s'-'fi's Ifi-k ihe foniumon of rntnilu Irom .rlunmi.i 

ami coal i- gu-.ulx .im-U'i.ik-d l.v the addition ol 1; in per cciil. of the osulps of ccrl.mi element, 
wliicli till msehcs’yii-ld Malilr nitrides, ammip uliich .Si<J.^ and tin- osidi-s ol 11, /.i, \ , fie. Jlo, bl, . 
Ce. Cl. also sdirates, vanadates, etc. lion osidi docs not inllueiicc- the c.dalstiracti-iii ol these ovules. 


Aluminium nitride, as iirepared by .Ser])ek, is of value both lor its combined 
nitrogen and also for the ])roduction of pure alumin.i for the manufarture of metallic 
aUiminium. Without the sale afforded by this alumina it is doubtful wheiher 
the process would he econoniic.al, as the alumina would have to be used ovei and 
over again. .-As it .stands, however, the alumina produced as a by-product finds a 
ready sale, and the ammonia simultaneously produced is also a vakiahle product, 
'i’he process is being worked by the Societe Generale des Nitrates in I'l.mie. 


Ol'HKR NITRIDES 

Vanmi, simm'slions have been nude In ilsC boron nitride, BN, hut the hinh leinpcl.llurc 
required fur its Inrmatlon and the snl.itilitr of the resulting hnrir .yut ulu-n tlu- inindc 1 -. 
di-cnmp,,scd In siipei he.iteil sle.im fia amnmni.i ( 2 r,N d 3 I l.i )- 2B(( 111); -I 2 N11,) liii\ e Inimed 
IllsUTKM aiilc tlitf'u'uUics. . • -j I • K' 

Calcium nitride, ('.i,,N,, cnl.aininq iS o pn nnt. of N, and lithium nitride, l.tA, coin unini; 
'rb,,S pit cent. N, ait- easily ])iep.iK-d ftoin the tlcnienls and y.isii) tiecouqios,-. LOiinn .tininonia 
.Maonesiiiin nltiule, .Mq.N..,' cunlaming 27.7 pci tent. N. is likcwis,- cisily pi.-paieil In lu-.itin<; 
nuRm-suiin in nlliotn-n' pis. When heated in liydropen it is converte.l ink. .amnnmi.i ,uicl 

liv.lrule (Mp.,N,, + (ill.,-2Nn,-l .bMpIl..!. , , , , , , ..r 

Ibmevci, none ol the iirnct-sscs suppcvUil to cmi>lov thesi- u-.ictnnis as li-ihinc,il souiics 

anuiutni.i appear lo he sncccssful. 111 „ 

Thcatk-inpts to ntihse titanium nitride In healing it in a iinstint-ol nillopcn anil hoiloptn lute 

also iiet-n unsticcesslul. , , r 1 . . . , 

Silicon nitride, -SkN,, comainmp 42 S I'cr cent. N, has been supgt-slct for diifcl ust. .is .1 
(crlilisci, as pivinu lesults possibly siii.etloi k) aninionia ami eyanainitle. llic_ b.ulisthe Amlin- 
umi .Soda-l-'abrik (l-highsh I’alent, l 6 ,yiS, ,,f igin) have-patenletl pioresses lor lismg atnuisplii-iir 
imrouen hv means of silicon iiilrule. They point out that in preparing silieon-niliopen et(mp..uiuls 
from silicic acid, eaihnn and mlrogen, this opeiatioii formerly had to lit- eoiullietal 111 tlii 
electric fmnat-e owing lo die high lemperatuu-necessary. They find, however, that it is possible 
to conduct tlie leacllun at a low U-mber.itme if oxides, hvdroxules, or salts iif melallir elements 
are atltled to the misuire of silicic acid ami carhon. They also suggest die employment of siliecous 
luateruils such as the sihcalos of iron, aluiiiiniuui, ciilcium, etc. Tnsleiul (jf pure nitroj'on tnc) 

i"io-r li,u-b ,1,tided siUca mixed with 2, kilo...,G.nw.Jcretl wood 
charcoal, aiul heated in a stream of hir icn \o twelve houis ul ioCX> -1,400 .ulo\\ntj^" Uu 

pn.ducl lo cool in N ^as. When ihe piodiiLl is tR-atcd with .siUuiiUed ni siipoihcalod steam, 

ammonia is produced. . , , , t ^ 

it IS tlmibtlul. howt-vet, whellier any of these pi™-es.ses aie liki-Iy lo lie a (-omniercial success,hn 
view of the suecessfiil piodiiction of synthelir inimioiiia diiectly fiom the elemeiils. 

However, the re.idei may coiisiili i^ie fijlmving palenls: -Basset, English I aicnl, 4 , 3 j», lt >97 . 
T.vons and Bioatlwell, Ik.S. I’.ik-nl. Sifi,92S: Bordicrs ami Beck, ‘’■eim-'ui 'V 
Roth, German i*ak-nt, I() 7 . 39 D Kaisel, English I’ak-nl, 2b,So3, 190S ; W ilsnn,•English latenl, 
21 , 75 . 5 - iS 9 i: Mehner, English I’atcnts, 12,471, 1S95 ; 2,654, 1897; 28,607, 1903. 
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THE CYAN AM IDE INDUSTRY 

liY GKOFrKKY Martin, Ph.D., D.Sc. 


Trn':RATURE 

Sccy]T.-—/oun!. A'oy. So,. 1912. 60, 645. 

Caro. — Cht'ni. TradeJoum., 1909, 44, 621, 6.}l ; 7 .e.tl. amreit'. I'hem.^ 1909, 22. 1178. 

Frank. Zetl . au '^ civ . Chem ., 190^, 16. 5JO; 1905, 18, 1734; 1906, 19, 835 ; / oun }. SoX 
Them . Ind ., i<)oS, 27, I09'5 : ’/rail':. Tarodav Mot , 1908. 4. gt). 

L'rossi.ex.—T lturpc’s “Diet, of Ajiplu-d Ciiem.,” Vol. III. <1912), gives ri\ excellent 
account See also The IVian/ianidnal /oi/rna! and /'harmacist. I2lh March 1910. 

• Calcium Cyanamide, Nitrolime, Kalkstickstoff, CaN .C. Calcium carbide, 
wliirh has been maniiractiired for mauy j ears foi the production of acetylene 
gas, unites with nitrogen when heated with it to about 1,000" C., forming calcium 
cyanamide, Cat.',, + aX = CaN..C + ( 

It is supposed that a suh-eaibidc is first formed:— 

('a(\ rz C.tU i- U; t'.iC' i Nj - C.at.’NN. 

'Fliis calcimii ryanamidc has heicit found to be a valuable manure, and, contain¬ 
ing as it does sonu* 20 per cent, of available nitrogen against only 15 or 16 per 
cent, of sodium^ mtrale, it is now being made on an increasing .scale for the 
manufac'nre of at 'ficial fertili.sers. 

for ihc niaiiufucluu of tiieciudi mixlurc of < alcium c\an;uiiidi‘ .and c.irlfon, known as 
“ Nitvoliuic " oi “ Kalkstiiksioti,” luuc hot n oivi led in N<ir\vay. (.oTrnnnv, llah, Austria -1 Itingars, 
Swit/e’land, United Sl.iic-', Indi.a. ).i]>.in, .md other counlrics. Tlu: largest of the.se works is at 
Odd.i, on liie ll.irdangei I'')ord, Norwax. The .\lhy L'uited (.’.utmle (\i. eoiiil>nie<l with the 
Nitrogen Pri'diU't>s and Ciaihide (do. Uld. l{) eieei new faclones at ()<lda. Tliese l.ictoiies were 
suj»ji!i(“d with 23,ax) H.P. (latei mcieased lo 8o,ocjo) from tin livei Tysse, 

Allhoiigh till- m‘w industry was only hegim on a comineicial scale in 1907, the world's outjiut 
for 1913 is estinialed to he 223,(100 tons, of which the wiuks of tlic Nihogen I’rodticts Co. at Odda 
.tntl 4^1hy. Sweden, .iie now ptoducing logethei SS.cxxi tfiiis pei year. [lnwev<r. furthei dtweloj>- 
m-nts nieg<.iingon in Scandinavia, whereby the energy di'iived hoin three othei walei poweis in 
Norw u (.Aina, Toke, and lilekest.nl Ihadand), cairalile ol iiroflueing (rkxooo of which 

lOCf.rxh) 41 !’• :ire now heing tiainr'.sed foi ihe annual prodiiction of 200,00’:) tons of caiciuin 
'■yunami<le. TN '1 )etti-Kt)ss watei pow-er in Iceland—capable of geneialing over 400,(XX) 1 I 1 ’.— 
will also be utilised foi the piodiiction tU the same pioduit. 'j'he Nitii^gen I'lixlucts and (airliide 
Co. claim to hive at its dis))osaI sufficienl waler powei lor an oiilpiU of 2,000,000 Ions ol crude 
calcium cy.in.imule, wlncii, cont.iiiiing as it does 20 pei cent. o( combined nitrogen, repiesent.s an 
ont)uil of fixed inlrogen enual to the whole preM-ni consum])lion of Cliile sahjietre. The.se immense 
indusLikd unde rlakip<;s .ne undoubtedly destined to change the f.tce of the woild, and enlirel) alter 
agiicuitur.d cimitltHms of the fiilme. 

Process of Manufacture.— ' 1 'Ik' calcium carbide, CaC_., u^cd for making tht- 
nitrolime is made by healing together in an clectiic furnace at about 3,000" (1. 
a'mixturc of lime and anthracite coal in the manner described in Voluumc II. 
of this work. The molten carbide is tapired off from the furnace.s at intervals of 
forty-five minutes, conveyed on trays to a I’o.i.ifiL bed, then it is crushed to a 3 
powder in sjx-cial grinding plant. 

Calcium carbulc is. veiy hard, :iml tlie crushing is jierfonned in scveiul stages. In-.»)rder that no 
risks may be jun ihrougli llic liberation and dclotiktion of acelslene gas, the kitci stage.s of llie 
crushing process are performed in an atmosphere l nitrogen. The carbide is reduced to the 
consistency of flour, much ussembling cement in am>cnrance. j 
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'I’he finely divided carbide is then conveyed to the cyanamide furnaces* for 
treatment witli nitrogen gas. 

Here the process deviates into two distinct lines of treatment, according to the 
ty])c of furnace employed. We will first describe the practice at Odda, and then 
the prfctice at Westerregeln and Piano d’Orta, as typical of the two lines of 
treatment , 

M ''tdda the crushed carbide is placed in cylindrical vertical retorts lined with 
fireproof material and covered with sheet iron, and holding 300-500 kilos, as seen 
in our illustrations. Figs, i and 2. 

Each furnace has regulating valves and control meters. The nitrogen gas is 
passed into each furnace under slight jiressure, and the retort is heated to about 
800“ by sending an electric cuiTent through carbon rods placed inside, which 
act as a beating resistance. 

AlMirplinn of luliogcn then hikes pl.tee aecoriling to the revcisilile .itiion 
C.iC,. I N., TNI CuN.t-' I C 

(iiliioitt NitioRoti. Call min (Jraphhe 
(’ailmiu. C'y.iiiaiiiidc. 

Tlic anion oiu'c ‘siarled jinx'eetis with ihc (.•M'lulion of heat, and so tlio tcnipoMtitre tends *0 
sjiontaneou.sly inru-use. I Ii)wevci. the leinperaliitc reaiiion imisi not lie allowed (<• nieiease 

lieyond 1,40)'' C., otheiwise the hark action, CkiN'X ! C'-t Nj, pioeet'ds ti) an increasing 

extent, and the cyanamide formed is thus Itrgel) desiroyed .igain. It is essential that tlie temperature 
of le.ietion be ke])t as low as ]nissihle. 


After Uu“ ahsoiption of nitrogen has begun the heating current is switched off^ 
as the heat developed by the action is suffieient to cause the maintenance of the 
proper degree of tempeiature. 'I’he absorption of nitrogen proceeds for thirty to 
forty hours, and is known to be eomjilete by reading the controlling meter. 

In this process there is no superheating, and thi-refore no reversal of the action, 
'i'he action pro<‘ecds from the inside outwards, and thus the material shrinks 
ituv.ards and away from the furnace walls. Hence the cyanamide formed is easily 
removed in a solid coke-like block from the furnace (after cooling in a current of 
air for nine houX'.. and is then ground to a fine powder in an air-tight grinding mill, 
.stort^l i i a large silo until n‘{|uiied, and is then packed in bags with a double lining, 
and sent into commerce under the name “ Nitrolim.” 

Inc .sulisUtnco contains 20-22 pci rent N' -57-63 per ccnl. cakmm nananiide. CaNX’, 20 ))er 
ccnl. Itnic 14 per eciit. C .I^ graphite, 7-8 per cent, of silica, iron omiIc, .ind alumina. The 
snhstance should he fiec from unchungeil calcium carbide ami fiee lime, CaO. 

At We.sterrcgeln, Piano d’Orla, and other Continental works the process of 
manuructure is <{uile different. 

Tlere the powdered carbide is ])Uiced in liori/ontal retorts similar to the retorts 
used in making coal gas; these are heated externally to 8oo'‘-i,ooo' by being 
placed in a gas-fired furnace, while a stream of nitrogen is forced into the retorts for 
absorption by the carbide. 

i'lg. 3 shows a rough diagram of liie \\sU-m cm])l'iyc(l in I'uuio d'OrUi m Aii is 

<liT\L‘n through rcloits a, a, jnirtiallv filks! with copper, ami heated in a futnacc. Tiie <»x\gen of 
tile air ts ahsorlied l>\ the co])pcr, forming copper o\i<ic (Cu + O-C'uO), while liie nittogeii pa.sses 
on into the caj^'iitm caibide reitirl lui, iieated in a furnace as shown. Ilero the absorption of 
nitiogen ami resilfung formation of caiemm cyanamide takes place as desciihed. Tiie coppei is 
regoneraled by passing producer-gas tlirougli the CuO. 

Serious difficulties, however, have heie been encountered. The absorption of nitrogen com- 
lycnces skiwly, but tlien the tempciature suddenly goes up as iieat is developed bv the action, 
and, unless great aire in working is employed, it may exceed i,4cx>' C., when a considerable, kiss 
of nitrogen in the formed cvaiiamitle occurs owing to the Ixick-action pieviouslv di.scussed. 

Moreover, overheating of the walls ensues, and the cy#namide, on cooling, sets to a rock-like 
mas.s on the w.dls of the letorts, and has to he forcibly knockc' out. Ilenct the retorts are* 
subjected to a st ,ere wear and teai. 

These difficulties have to some extent been obviated by mlding calcium cl^oride, t'aCljj 
V*ol2enius), or calcium fluoride, Caf.j (Carlson),lio the cruslicd carbide, .so us to lower the 
temperature of reaction. With CaCb the tempcr.ilure of reaction is lowered to 700 -800', and 
with Cal’b the reaction temperature is about 900" C. 
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Fk;. 2.—Cy.inamide Furnaces at Odda, ^howin^ Caibi.m Kesyistancca. i^Nilrogen Products Co.)* 
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Thi. favourable influence is suppose! to 1 .c flue to the fact that CaCl, or Cal-, mixes *ith 
the cvananiiJc rorniefl on llie surface of tlic carl.ifle, anfl causes it to fuse at a lower temperature 
than fl waiul '1 m a pure state. In tl.e absence of these sails tlie cyanam.flc forms an ™p<-n-.ous 
layer oeer the surface of the carl.ifle, anfl thus preeents tlie entrance of the nitrogen into the 
inLrior of the carbide unlt-ss the ttMiipeuiluro is about i,tx)0 t. In the presuK.e of (-.lUy < r 
(’■ih huvvcr till- melting iioiiit of the cjanaimfle- is muih lowerefl; it melts or sof ens at 
TW'oSoo" C., and thus no longer senes as a protecting layer for hinflenng the absorption of 

thcmlnigcn byjhemle^^^^ cause an oiillel lor Ihi- now i.raeiically waste CaCI., 

the plwflercfl carhtfle, the .. tempeiature of the N r''1-^^ 

conla.ning 20 ,.e. cent. N. .15 pe, cnit. I m-S pr't 1 >^' 9 Pt-' 

iinimriUcs, is pul on the iiutrlo t uiidci the luinf ' SlichsLoiliwdK. 

The (lisa.lv.intage of the pfusenoe of Catl, is that tht; product is hygroscopic, 
,ind so cannot he stored easily. It is, therefore, sold iimicipally in spring, but it is 
stated that the process has been abandoned (lyio). 


Carbide Retort 



The Nitrogen required for the manufacture of nitrolime is obtained at Odda 
by hqueiying the atmosphere, and separating the oxygen and nitrogen by fractio 
distillation. 

The Linfle pl.int used at Oilflii fo, the purpose ts the hugest in the worhl, liquefying too tons 
MJTipler U* w<irk th»n tlit* LunlCt 

Tn some Continental works the nitrogen is produced by ijassing air over hot 
Conner which retains the oxygen as copper oxide, and allows the nitrogen to pass 
ort! as explained above. The copper is regenenited by pas.sing water gas over the 
treated copper. 

The nitrogen proflucefl must be free from moisture*anfl oxygen. The Linde 

inn^ooi,. ih It of nitrogen per hour, containing less than 0.4 per cent, oxjgsn. In the 
Claude machines, now rnstalled in thsJnew works at Odda, thc^nitrogen supplied eont^ms less than 
OH per cent. O. The presence of moisture would de*>mposc the calcium caihlde thus . 

CaC, + 2n..O = Ca(OH)., -1- CalL. ^ 
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Oxygen wimld (lecomjjOse the ailcium cyanamide, forming CaCO.^, thus reducing the percentage 
of nitrogen in the finished product. CO.j or CO, if present in the air, would'act thus on the 
carbide : — 

2CaC» -! CO. ^ 2Ca() i 5C. CaC, + CO = CaO f 3C. 

Uses of Calcium Cyanamide.— This body i.s mainly used as a nitrogenous 
manure. When placed in the soil under suitable conditions its nitrogen is 
set free in the form of ^immonia by means of bacteria. The end results cjn be 
expressed by the*equation:— 

ClaNCN 4 .tll.t) - 2NII,, -I t'liCO,,, 

and so it may be used directly as a substitute for ammonium siilfiliale or ('bile 
.saltpetre. 

T!ic dccoinpo^iiioii of ihc cyanamide in (iu* soi) und«>uhtedly labts place in shiges. Aim<isph«*ric 
Co. and moisture ftisl lilierult* cyanamide, thus: ■ 

CuNCK ! li.O i Co. CaCO:, h- H.NCN. 

'file evanamide is tlien coinerteil into urea : 

ll.NCN -! n.O - CO(HN.,U 

wincli i.s speedil) transformed by bacterial fcimentation into ammonium carlion.ile 
CO(Nl!.,l,, i 2 ICO -- (NIIJX’O,. 

Tliis latlei is either diiecth absorbial bv the plants, 01 is first oxulised to nitrate and nitrile bv 
nitnfung organisms in the manner explained in Section XLI\'., p. 427 (“Circulation of Nitrogen”). 

Calcium cyanamide must be applied as a manure below the surface of the .soil 
some time before the .seed is sown. It must not be applied to plants actually 
growing. It IS also mixed with Bessemer slag or potassiiiin salts as a component 
of mixed manures. 150 lbs. ])t;r acre, mixed with 100-125 parts of potas.sium salts, 
IS the mixture must used. 

Calcium cyanamide, however, also serves as the basis for the manufacture of 
many nitrogenous compounds. For example n - 

• 

Ammonia, Nlbj, is manufactured from it by treating it with superheated steam 
(CaNCN + 3H.0 = ( !aCO;j+2NH,|), .see p. 472. Tlie ammonia ean be easily 
combined with nitric arid to form ammonium nitrate. Nitric acid it.self is 
now manufactured from the ammonia by oxidising it by Ostwald’s Process 
(p. 448). From the ammonium nitrite and nitric acid thus produced, explosives, 
dyes, and other useful nitrogenous substances arc now made. The manu¬ 
facture of cyanides from calcium cyanamide is also now an important industry 
(see p. 490). Sodium cyanide, Nat'N, is now produced by fusing calcium 
cyanamide with common salt, 90-95 per cent, of the cyanamide being convened 
into sodium cyanide, which is much used for recovery of gold in South Africa, 
Australia, U.S.A., Mexico, etc. Calcium cyanamide is stated by Clancy 
Chetn. Eni;., 1910, 8, 608, 623; 19TI, 9, 21, 53, 123) to be capalde of replacing 
cyanides in gold extraction. 

Dicyandiamide i.s made in a crystalline form by extracting technical calcium 
cyanamide witli hot water:— 

2C.'iN(;N -t 4ICO = 2Ca(OH)a -I- (]I.,N.CN)... 

It is used for making organic dyes, also for reducing the temperature of combustion 
of explo-sives, since its decomposition produces little heat, and gives a strong pres.sure 
owing to it containing 66.6 inert N. Hence the addition of the substance to 
powders like cordite, which rapit^ly destroy rifling on account of high temperature of 
combustion (see Martin’s “Industrial Chemistry; Organic,” under “^Explosives”). 

Urea, rO(NH2).2, Guanidine, C(NH)(NH.2).2, nitroguanidine, etc., are also 
nitrogenous substances manufactured at*Spandau by treating calcium i yanamide with 
aqueous acids, etc. 
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The body, “ ferrodur,” used for case hardening and tempering iron and stdel, 
contains nitrolitn. 

The whole family of nitrogen products may be traced in the following table 

Co:il Lin;e 


Calcium Cnrlmle 

I Atmospheric Nitrfigen 


Cyanamidc (Nitrohm) 


Synthetic Dye-. CyamJes 

Ammonia 


Sulpli.ile oi Ammonia 


Nitnr At 111 


Explosive'': 

Cttrchie 
(•unenUon 

Dyn.inulc. etc. ' Ammonia Niliate 


i'ApiiislVt*-. 

(siicty) 


\ arioiis 


I'crtili'^cr 


IlanU-ninji 


Cementing Towder 


I 


('tincenlnited ('iicmicai 
l’'erlili-<cr 
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THE CYANIDE AND PRUSSIATE 
INDUSTRY 

By C.KOt'KKKY Mak'iin, Ph.I)., D.Sc. 
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A^^o andpateytts in thi text. 

Untii the year 1800 only comparatively small quantities of the very poisonous 
pota-ssium cyanide, K(’N, were made, being u.sed principally in the electroplating 
industry and in ])hotography. 

Tins use va.*; foimde . <m the fact that KCN possesses the ])ro])erly of dissohing the sails; of 
incta^ hive d, silver, and niekcl, etc., the mclal going into solution as .1 double ryarii<}e. From 
these soTiHioiis the metal ran he readily deposited i-lectro-chemically in a coherent layer l»y making 
the surface of the object to l>e coaled with the precious metal the negative pole in a solution of 
-the double cyanide. 

Up to i8go the annual output of KCN was about 100 tons, the product being 
* usually prepared by fusing ferrocyanidcs with alkali. 

In 1887 M‘Arthur and Forrest took out their patents (English Patents, I 4 U 74 j 
1887 j 10,223, 1888) for using dilute KCN or NaCN solutions for extracting gold 
from ores, and in a few years from that date the manufacture of cyanides on an 
industrial scale was well e.stablished. 

In 1903 about 6,300 tons of cyanide were placed >>n the market. 

Ih 1910 Creat Britain exported of cyanide of sodium or putassunn, 7,770 tons, value ^‘633,000. 
Germany, in 1895, exported 6,280 tons at 1,400 marks per ton. 

In 1895 only 120 ton.s at 3,200 marks were produce<l. Tiie German production i*f ferrocyanide 
of potassium of sodium was in 1895 vaiue<i at 361 tons at 1,480 marks. In 1909 this had become 
1,450 tons at 870 marks per ion. 

'I'hc devclopmyU of the vast Transvaal gold industry has been mainly dependent upon the 
discovery that gold can be dissolved out of its ores by treating with dilute cyanide solution. The 
peculiar formation of “ blanketore, the small jiroporlion of gold per ton which it contains, the 
finely divided stale of the gold in these ores, as well as the production of “ slimes *’ and “ tailings” 
containing some gold, all combined to remlci the ordinary methods of gold extracli<.>n difficult of 
application. 

Wlien these gold-bearing materiuE are treated with dilute KCN solution the guhl passes into 
solution, thu-s:— ^ * 

^ ..KCN -I 2Au f H^O + O = 2KAu((:N)., -I KUO. 

The gold thus passes into solution as potassium aurocyanide, KAu(CN')». 

* The gold is next precipitated on line according to the -quation :— 

2KAu(CNb + Zn = Kjin(CN)2 + 2Au. 
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< Tlic maximum effecdve solution is that containing 0.25 per cent. KCN, solutions containing as 
Utile as 0.0005 jier cent. KCN having a pcrcejnible solvent action. The quantity of solution used 
is 33 per cent, ol the amount of ore in the charge. 

Previous to the introduction of the prficess into South Africa no tailings liad been treated by 
lixiviation with the K.(iN solution. The “ Robinson workN j)ut up a [dant coding ^3,000, and 
made £2,000 per month working profit I 

This great •success Ic<l to the extensum of ilie proceS'. to all the gold-bearing countrie.s of the 
world, -such as Australia..New /ealand, India, America, etc. In 1X9S the cyanide treatment of 
Kand “ tailings” cost 2s. j<l. to 2s. yd. pci ton. udng i lb. to 4 Il>, of cyanide per u-n; thN cyanide 
cost 3d. to 6d. at liiat date. Since then the cost of the cyanide has coll^lde^ably decreased. 
According to Reilby [/ourn. of the. So(. of L'hem. Jmi., 2Sth Kei). the total production of g<jld 

by the cyanide jiroccss in 1S97 was 1.215,000 o/. of fine gold. In 1910 llie world's output of 
gohl was 2j,cxJo.ooo 07.. of line gnld, 5,750,000 07. of llti.s (aliout 25 per (cnt.) being recovcied 
by the use uf cyanide. The value of the cyannlc piocess m.iy iic judged from llie fact ti1.1t the 
value of the cyanide bullion produced by llie Kami in lyio \va^ ctpial l<i the wiiole profit earned by 
the mines. The .iclual figures being ; 

Viehi from cyaniding .... /ii.552,743 
Total jirofit of woikiiig - - - /1 tiSt’r.OQb 

MAXUFACTL'RK OF SODIUM OR POTASSIUM CYAMDE 

I’oUhsiunn cyanidL- or sodium cyanide is now manufactured by several different 
sources, : - 

1. From ferrocyanide or ferricyanidc (prussialc). 

2. From ammonia, carbon, and an alkali metal (Na), or alkali salt. 

3. From sulphocyanides. 

4. From “schlem|)e,” a residue from the refinin|t of beet su^^ar, 

5. From cyanamide (nitrolini). 

6. From atmospheric nitroitcii. 

MANUFAUTURI'. OF CVAMDF FROM FF.IU-IOCYAMDKS 
(I’RUSSIATF) 

Previous to the introdiu tion of the gold-cyanidmg process almost all the cyanide 
manufactured wa-> made from .sodium or potassium ferrocyanide, which was 
produced from animal matter, such as dried blood, horns, hoofs, and the residues 
of slaughter-houses (see under FerrOCyatlides, p. 491)- 

\Vhen potassium ferrocyanide thus nhtamed is healed with well-dried potassium 
carbonate, the following action occurs:— 

K,i'V(CN),: -I- K/’t),, 5KCN -I kCNo r Cl), I ve. 

t'ot.isMum I’lit.is'iunii 

When this proccs's w.is employed. jiola.s^iLiin cyanide .sold ul 2'.. 6d. per 11 ). ag.iinsl 7^d. per 
lb. in IQII. Only about 20 per cent, of the nitrogen of the animal mailer was used, u.id baiely 
8o per cent, of the }nit.i-«!i, the remaui<!er being 

Potassium (or .sodium) ferrocyanide is no longer made from refuse animal matter, 
but is now recovered from gas-works; the recovered fenoeyanide (“prussiate”) is 
largely worked for the manufacture of cyanide by Erlenmeyer's process of 
fusing with metallic sodium, when the following changes tak*' jilace : — 

-1 aN.-i = 4KCN -I- aNaCN -1 I'c. 

In this process, first worked between i.Syo and lyoo, all the cyanogen is recovered 
in the form of sodium or potassium cyanide, the sodium cyanide being technically 
of tlie same value as the potassium cyanide, provided the CN content is the same. 

The proces> canied out u-s foIloW'.: In coYered iron crucibles, s»umc 3r'-40 cm. in height, 
dehydrated potassium ferrocyanide, K^FelCN}^,, is mixed with the proper amount nl'melalliq sodmnv 
iu the fotm of .short l)ar'!), and the cruriblc is then heated o\ei a free lire until the contents i'e 
complelely‘’fuse(l. 'I'he molten contents ol a nutnl>er ol these crucibles are next poured into an. 
iron crucible, heated by direct fire as bcfoic, but provideil with a tillering arrangement made o§ 



THE CYANIDE INDUSTRY 


485 


spongy iron (oblnincd in ihe al)ovc*mcnlione<l melting process), below which are outlet tulles. The 
molten {'y.inidc is forced through this filter by means of compressed air and a compressing piston. 
The filtered cyanide as it flows away from the filtering crucible solidifies to a white crystalline 
mass. It contains some cyanate, KCNO* or KaCNO, along with a little alhali carbonate and free 
caustic soda or j-Kitash. Nevertheless, in jiracticc the cyanide is always valued on the basis of the 
KCN il ci»n .lins, and since 75.3 parts of NaCN are technically equivalent to 100 g. KCN, the 
cyanide can be placed on the market as “ 100 jier coni. KC'N*’ in spite of the presence of these 
impurities. T' is only the b'N wiiich counts, technically ; whether the CN is united with K or Na 
is imnmfrrij.j. 

It was this process of cyanide manufacturt; which created the sodium industry, 
the sodium used being principally produced by the Clastner electrolytic process. 
The production of metallic sodium is now an integral part of the cyanide industry. 
It is described in Volume III. of this work, which is devoted to metallurgy. 

Tlie use of sodium resulted in the production of a sodiumqiotassium cy.inicic, the ratio of sodium 
to potassium being xaried \Mlliin wide limits. The larger the amount of Na salt present the 
higher the strenglli of the c\anule. At first considcr.ilile opposition was encountered to the use 
of n lyanide containing sodium, owing to ctunnuicial reasons. Ii has hecn shown, however, that 
sofiimn ryaiiKie is as efl'eciivc as potassium cyanide, and is chc.qx'r; consccpicnlly, whereas formerly 
only potassium feirocyanaie, K,Ke(C'N),,, w.ts manufactuied, at the present time it lias been almost 
entirely supersciled (since 1905) by the (heapci sodnnn ferrocyanide (prussinle), Na4Fe(CN)fi, 
which ran be olilaincd very pure, and yields, when fused with mclalhc sodium as aliovc described,® 
praclicaily jaire sodium cyanide, NaCN. 

t'ominerci.il sodium cyanide, NaCN, ('oiil.uning as ii does about 30 per cent, more cyanogen 
than KCN, <-an b<' used in smaller quanliiie'' than KCN lor producing the same gold-dissolving 
effect. MoieoMT, it is stated to be nnne convenient for making uj) solulionc. 

MAXn-'ACTURK OK C'YAXIUKS FROM AMMOXIA, CARBON 
AND ALKALI MKTAL, OR AI.KATJ SALT 

.S< \cral important processes are worked. 

Siepermann’s Process (see English I'atent.s, 13,1)97, of 1SS9; 9,350 and 9,351, 
of tpooK—One part of sodium carbontitc and two ])iirts of charcoal (that is, sufficient 
charcoal to keep the mass from fu.sing during the ])rocc.ss) are heated to dark rcdnes.s 
111 the ii])pe’- part^of vertical iron tube while a current of ammonia gas is sent 
throu'di tlv iii.xtnre. Potassium cyanate, KCNO, is formed thus ; — 

K.CO, + Ml. KC\0 i KOll i I!.,0. 

The mixture is then allowed to fall to the bottom of the tube, where it is heated 
to bright redne.ss'. The cyanate is decomposed with formation of eyanide :— 

KCNC I V ^ KCN s- CO. 

The final product is thrown into air tight vessels, cooled, lixiviated with water, 
the solution Ireing evaporated i/i vtuKo until the KCN crystallises out. KCN is 
soluble with difficulty in the pri'Sence of much KOH or K .CO.,, and crystallises 
out before these .salts in the form of anhydrous crystals. As first made tlie K('N 
was a ^amp deliquiisceiit mass, which had to be fused with the product of the 
ferrocyanide process. The working of the process is difficult. It has been worked 
at Stassfurt since kSq:. 

Beilby Process (see English Patent, g,8:o, of 1901).—'I'he principle is much 
the same as the SiepCrmann Process, but differs in important details. 

Much less ca^iion is used, so that at the end only slight cxce.ss remains. The 
charcoal is added gradually during the operation, so that the material is always 
present as a molten liquid through which the ammonia gas is forced under a 
slight pre.ssure, wlicn the following action takes place 

KCCO, + 4C f 2 iMI, - aKCN + ,-CO f JH.. 

The final molten product is filtered from th« smill e.xce.ss of unchanged charcoal, 
and thus a wHltc saleable jiroduct is directly obtained without the difficulties of 
Itfiviation. However, since the melting point of the pure potassium carbonate js 
inconveniently high (about 8go° C.), ready-prade cyanide is added to ft in order 
to reduce the temperature of fusion. 
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< The Beili)y pn.rcss has been worked since 1S92 by tlic Ca^^eI C'.obl Extiacling Co. al Glasgow, 
and has acbicveil remarl.aide success. * 

In 1890 Beilby’s jiiucess was eslimaletl In suppl\ fully 50 jier cent, of the world’s output of 
high-slrength cyanide. 



In.. 1. —C.istiu-i''. .Sutliniidt I‘uin.H'1. (i.onqUiidinal SLClmn). 


The Castner Process (si;c English I’au-nis, 12,219, of 'Syr, -'.7,0. of 

1894. ,Sfi: also the (Icrman Patents, 117,62;, 124,977, 1900; 126,241, 1900: 
148,045. 1901. —OiiL- of the most important synlhi'ses of cyanide from ammonia 
was successfully worked on the large scale by the Frankfurter Scheideanstalt 
ill 1900, the process having been worked out by H. V. Castner some years 



previoLisb. Cry ammonia ga.s led over molten sodium in the abijejirc of .air yields 
sodamide, NaNH ,, as a crystalline product, thus; 

Nil, ! Na --- N.iMI, i n. 

On adding to the fused sodamide some powdered charcoal or coal, sodium 
cyanamide, Na.N.I,', is formed, thus 

2N.iNH, I f - N.i.N.C + 411. 

At a st^l^ higher temperature the excess of earlioii leads with the cyanamide to 
form cyanide, thus:— 

Na.N.C -1 C = 2 \,i(.'N. 
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Acetylene gas (German Patent, 149,678, 1901) can be used instead of carbon as the 
reducing agent. ‘ Like the Beilby process, the final product is a fused mass containing 
very small quantities of solid impurities, which are easily removed by filtration. 
The operations involved are simple, but the temperatures employed at each stage of 
manufacHjie must be carefully regulated. The proee.ss is carried out as follows- 

Into an iron crucible heated to 500° C. some 70 kg. of wood charcoal is 
dischajgc and the whole is heated in a slow stream of* ammonia gas. Next 
115 kg. of metallic sodium is added to the crucible, the current of ammonia is 
increased, and the temperature is raised to 600' C, until all the sodium is converted 
into sodaraide. The temperature is finally increased to 800" C., when the carbon 
acts on the sodamide and converts it into cyanide, with intermediate formtition of 
sodium cyanamide, as above e.splained. The process proceeds quantitatively, and 
the final molten cyanide is poured off and filtered while still in a fluid condition, 
and cast in iron moulds. It then forms pure white cakes, containing 97.5-98 per 
cent. NaCN (equivalent to 128 130 jier cent. KCN). 

1 ‘1L;^. I fuitl 2 show Ca.stnei\ ‘vtiilimiilf fiirtLicc. It oi ;m retort A, llie uppei 

part of witith provided witli .t serK'> "I verlical li.tlllo plates c, aiiair^eil as indicatcfi. The 
relorls art' liealed tf> 30o"'-400'’ auimoitia enfenn^ .it n and moiten niclallu' sodium at D, while 
the luscd fuel [iroducts can lie run oh In K ** 

d’his piocfss, ^oinj; Imiil m liaiid with tin- f.il! u; the juu'O of metallic stxiium. caused an 
i-noiinti'is tcdut'Uon m t!ie juice of cv.imde horn p. i Ion m iS()^ to oiil\ £10 pei ton in ir>09 

No d'luht, in conse<|Ucnce of tin piotluiML-n of tiuMji s\nlheti'C .iminoni.i (see p. 469}, a further 

I, ill in jiiicc o! t \amde ni.i\ he anlit iji.iled. 

• 

M.\N'UK.\CTURK OT CV.ANIUK FROM .SULl’HOCVANIDKS 

Many attempts to produce cyanides directly from sulphocyaniiles without the 
intermediate [iroduction of feiToc\;niides have been proposed, and some have been 
worked on the industiial scale, without, however, producing more than a .small 
.'imouiii of the total cyanide 

Playf.iir, in i S90 tEnglish Patent, 7,764, of 1S90 ; see also Sm. Chem. Ind.^ 

II, 14, if r; Coftroy, ihid., 15, 8, i8y6), found that fusing at 400” C. lead or /.inewith 
sulplcagyanule abstracted the sulphur, leaving cyanide, NaCNS + I’b = Na( 'N + PbS. 

Ferrocyanide (prus-.i,ilc) a.!, iirMiUs-cd iiom sulpli.irs.imdL l,v tic.itnijr wilii iiiiL’l) divided 
lion (“ sw it I - 

1 'V(CN), -I 4i';CN KJc(CN)„. KCNS h \'i K('\ -i hc.s. 2ia'N + K-S K.S r 

Tin usu.d pioci'ss w.is, to hc.il llii'sulphorvaniiii; in icloils to a dull icii licaU cool in nlisciicc 
oi'.in..ind ihc piodui I Willi walct in tlic rcl'Uls thcmsulvt ■>, so lii.it coiit.ict wilh an, uiul 

siilisisp.' iii ' Aidalion, aic llnis i-ntnc!} .woidcd. 

'iTiis .'loccss, or sonic modifti'utioii, li.is icpc.itcdlv h\ I'n worlscd since iS6o, when (Icli-. took 
out his p.itcnt (Kn”hsh Ikilfuil. i,Si6, of iStio). Sec silso the lollowm-^ p.itenls :—Ifiu’Jish Patents, 
l.US, ^^78; 1.359. 5X70: 1.261. 1881 ; 5,830, 1S94 The British C>.inidc O', luve workc<l the 
pioccss at Oldhury MtU'c 1804. 

A vliftcicnt method of \s.)ik is siijs^cstud in tlv Patent, 361. 1S96, where copper is used inste.ui of 
iron In the (lerman Paten!, 32,892, ol 1SS2, KCNS is heated with non feiiuus fiydroxide, 

ami watei to 110" 120": 

OKCNS -t f.i'e + I’e(OH)o KiI‘e(CN)„ -1- OKeS I aKOll. 

Rasclien, 111*1895 (sdu Knglish Patents, 10,476, 1S95; 10,956, 1S95; 21,678, 
1S95 : 19,767, 1S98, 12,180, 1900 : see also Conroy,/otini. Anc, C/icm. Ltd., 1S99, 
18, 432). invented a daring method of converting sulphocyanidc into cyanide, which 
was worked by the United Alkali Co. A 15 per cent. NaCN.S solution flows into 
boiling dilute HNO3, when HCN and NO an; ; armed thus : — 

^ NaCiV.S s- 2 Hi\ 0., H('N»+ 2S1) i- Nall.SO,. 

, The hydrocyanic acid gas, together with the nitric oxide, is passed through 
alkali, whereby all the HCN is absorbed as alkaline cyanide, and recovered 
by evaporating. The nitric oxide passes*forward, mixed with air, through towers 
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j)a/;l(ed with flints down which water trickles. It is thus converted into nitric 
acid once more, and is thus used again. 

The ('tirriisive nsilurcs uf ibe s«>liUionv (.■inpl<'vc<b C'linbinc*! wilh the ciioruioiis vtiluincs of 
hi^rhly poisonous ^as to he dealt with, presented enj,unecring problems of jp-eat difficulty which, 
however, were sueccssfulK uNcrconie. The .sulj)hocy;tnidc vsas produced synthetically from carbon 
liivulpliide and ammonia. 

It should he noted that stilphocyanides can he directly reduced to cyanides 
by treating with liydrogen at a dull red heat;— 

K.SCN -i 11., = KCN I 11,.S. jKCNH h 2 IL - K,S -I allCN + l!„S. 

Seventy per cent, of the N is obtained as cyanide, and 20 per cent, as HCN 
gas. .See ]’byfair,yw/;-«. Sue Chem. Ind., i8y2, ir, 14; Conroy, lle.slop, and Shores, 
Id!, at., lyot, 20, 320. 

M.*ANUF.-\CTURh: OF CYA.XIDE.S FROM “SCIILI'M]>F” 

Rud) of Dessau has introduced a suoccssful process for estracting cy.xnide by 
heating “.schlenipe,” a waste product of beetroot sugar manufacture (Martin’s 
“Industrial Clieniistry: Org.nnic”). 



'flic beet [uu’c IS cl.uiticd, and us much un possible of llic cnsi.dlinc su^ai is separated by 
cvapointioii in vaeiiuni puns and civstalh.satioii. ’1 iicrc remains ;i lliich. \iscid, iiij^hh colnmcd, and 
strolled)-.smcli!n<j iKjUul, still cont.nnin^ 50 per cent. •'Uoai, 20 pel cent. or|,Mnie im)mrmes, 10 per 
cent, salts, and 20 per cent, water. This is beet si!|,rai molasses. 'I u cvlract more siioar from it 
the molas.ses is treated v\ilb alkaline c.arlhs, when tlie su|,rni combines with the base to iorm ieeble 
-Salts, known as ‘‘ surrn.tes," w'liu’h cry.stallise in \sell-<letined ciystaK, and are easilv ^•panifc<l from 
the lulhcrmg molasses. The su^r-u j,, ,m.( ha-i- from the siu’iales by tieatiii^ with carbon <lio\’it!e pis 
m excess of water, or simple excess of water, the nlkalmc earth se])aratiii^f from the suj^^ar as an 
insoluble precipitate. The brown htjuid from which the stipir h.is been separated contains ail the 
impunties of the on'pnal beet juice, (op'thcr with nniih potash and olliei salts. Jt is railed 
“schlempe,’' and contains about 4 per cent, of iiiirof^en. 

A few year.s ago thi.s schlempe wa.s simply burnt in furnace.s so as to obtain the 
potash salts in the form of a residue known as “ sclilempe kohle,” afl the nitrogen 
being lost. 

Vincent in Fiance, about 1878, attempted to utilise and recover the nitrogen at 
a red heat, when ammonia, meihylamine.s, methyl alcohols, and gases were obtained. 
'I'he manufacture of the mcthylamines was abandoned in 1881 for want of a market. 

In 1898, however, Bueb (see Knglish Patents, 7,171, 1895; 26,259, 1898) intro¬ 
duced his process of working the schlempe for i-yanide and ammonia 'n a molasses 
lefinery at I lessau, and the process is now worked in a great many factories 

The scl.lpmpe, concentrated to 1.4 sp. gr., is run into earthenware retorts, and 
subjected to dry destructive distillation. 
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The Rases which escape, consisting of C 0 „, CO, H, CH„ NHj, N„, and 
much trimethjlamine, N(CH.,)3 (the latter ’ being derived from betaine, 
H0.N(CH.,)3 CHoCOOH, contained in the schlempe), do not at this stage contain 
.any cyanine. However, when these gases are passed into “ superheaters,” consisting 
of cylindneal chambers filled with brick cheiiuer-work maintained at a red heat 
(about I 00° C.), hydrocyanic acid is obtained by direct decomposition of the 
methyl"mine, thus; ■■■ 

N(CiI.;), - IlCN H- aCH,. 

The superheating of the gases must not last long, as IK'N is unstable and the 
yield would soon dimini.sh. As a rule, two chambers are used alternately, one 
being heated while the gases from the retort are [la.s.s- 
ing through the other. 

log'.. 3. 4, 3 i-linw Tiiu-lj’s pliim. </, 1 / ale llie 

hlfiupf reliirt^, which are iic,stoi lu 7<x>'-Soo" C. \/y llie 
iurn.iCf passing (hmui^h tin* fines 'Hie super- 

iieater lies heiu-nili the retorts ns indicatnl, and is heated li> 

..ilioiil I, OCX)' i)\ the furnace ‘j'lK* char},^e foi eacli retort 

.con‘'ist'- of iSo of sc hleiiijif, .in<i the disulLiiioii takes ihiee 
Iti foiii hours. 

The “cyanised” g.is leating the decompo.sition 
4 hanib(T.s, containing 10 per cent. IICN and 5 S per 
cent. NH., by volume, pas.ses through a senes of 
coolers, and then into dilute sulphuric acid, where the 
.ammonia, piyridine, and .similar bases are ab.sorbed. 

Next they pass through a “cyanide absorber,” 
wlierc the liCN is absorbed in water, and, after 
treating with NaOlI, is obtained as a concentrated 
.solution of N'aCN. 

'I'he conihustildf ^asiN <sfnpm^ this tre.ilmcni me Imrnt 
aiinhr the utorl--, jintl ue u><.d for heating jmrjio^es. .Ml 
the retorts m, lending tiihis me- \\o)k<d undei, a someuli.it diitiinished ptissure, so that no 
pf)isf>n 'US gasC' esi.ipi Hilo the .tir. Tin- ivsiiuii^ pas is tested foritaces of HCN ]iy pnssinp through 
.;ui NnO'M soliiijon to which .i hllle Fe.S(),h.is l;een :i«lde<i, when llu’ slightest trace of fi(!N is 
.icvenl<-(i !>'. .1 pitcijiitnu of I’lii'^sjnii liliie. 




The concentrated aijueous solution of NaCN, obtained, as above de.scribed, 
.-ae a weakly alkaline solution, is evaporated in vacuum vessels, and allowed to 
crystalli.se in a nodular form, a temperature above ,30” C. being es.sential, a.s under 
this temperature the NaCN separates as NaCN.aH.X). The crystals are centrifuged, 
dried, and pressed to hard cakc.s, containing »odiutn cyanide equivalent to 120-125 
per cent. K(.']^. 

About 33 per cent, of the N in the -schlempe is lluis recoveicti as cyanide, 25 per CTiiTt, as NIlj, 
swhile 40 per cent, is lo.sl in the form of nitrogen ^.a.s. 
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, Ost (see Zeii. Chem., 1906, 19, (09) calculates that from the 13,000,000 Ions of beetroot 

annually worked in (.icrmany fir su^ar. aiiout lO.OOO tons of K('N would he < 4 >tainahle from the 
schlempe by Bneb\ jjroce^s. Othcrviisu the N in schlenijif has no commercial value. 

MANUFACTURE OF CYAMDICS FROM CALCIUM 
eVANAMIDK (CaCN,) 

Whfti the mixture of caloium cyaiumide and carbon (Ca(’,N; + C), tfliich is 
known commert-ially as nitrolim or kalkstickstoff (p. 475), is fused either with 
salt, NaCi, or sodium carbonate’, Na.CO.,, it is converted to the extent of 90-95 
per cent, into sodium cyanide, NaCN, thus;— 

CiCN,, I C -i aN.iCl - C.iCL aN.it'N 

Niti'ilini 

Cat'N^ -T (’ I- Nii,.(’ 0 ., - CafO., H 2N.iCi\. 

In [iracticc, salt is employed for fu.sion ; the product, containing about 30 per cent, 
of NaCN, can be u.sed directly for gold extraction. W hen pure Naf.'N is re(|uired 
7 he fii.sed mixture is decomposed by acids and the liberated IK'.N absorbed in 
NaOH, 

d’he fiiinialion u! cMinitio fmm C).in.inii(ie is icvcrsiblc- - 

-i V ~, aiCNl.. 

Nitiohiiie < yaiii'U- 

bo tliat specuU piccautions huNC to be itdopicd t" prckonl Kfonn.ition ■>! cyanuiiutlc after comi>Ieie 
liisiun. 

Mor(.'o\cr, at the teir.pci.ilure ol fusitm the c\ananii'ie ni.iy i>e paitiall) reconverleil into calciurn 
eaibide with loss of nitrogen by ilie leat tion 

('aCN, -1 C - CA'. ‘ N,. 

" — ■' (, all linn 

Xiliohni (ariiide 

The libeiated rail'ule then desto’ks sunic ey.inidb by rccoineiling it into c)”n:iinule, thus ;— 
(;.i(CN)., -! - 2 ('a(.:N. -! 2C 

All tiiese side u-actions u-ml to dnuiiiish liic yield of ckanidc. '1 echnii.ally llicso dittifullics 
arc staled to have been lAetcuiiie in ‘‘usnig apjiropriate iijiiiluuKes f<>i melting ami r<»>ling the 
inalerials" (altiioiigli no <ktail' ha\t- been [nibhshcd), and the eunveisinn of e\anaiiiuh‘ into cyanide 
Is slated to lie jiraelica11\ liiianfiialiM » 

The Nitrogen Puuluets Co, slate that they Use metallu sotliuin in the inaiiufaelure of e)ainil(“ 
from cvauanmle. 


(.’VANIDKS FROM ATMOSPUKKIC NITROGKN 

A groat many alleniptb h;i\o been made to inanufitcluK' ejanide^ directly from 
almosphtTK' niiroLjen, and tto doubt ti large industry mtiy ultimately result from 
these attempts. 

Up to ipi3, however, no great leehnical success has been recorded. 

Posso/, anil ltoissieu‘'s proees^ (l^nl;llsil Taieiil, 9.<)S3. I<S43) coilsisls in stiaknig woini chartoal 
in Kt)Il, diung and heiUiiig to bnghi itnhiess in jctortsihiougli wlueh a miMure of niliogen an<l 
CO., and Ct > gas (fmiuu e gasf was p.issed. Nitrogen was taken up, 50 pet eeiil. of the alkali in 
the charcoal being eonveiled into coiiude, which w.ts finalb cstiacted b) lixuuUion. Tiie piocoss 
was not a conmicrcial success. 

Lalei, m iSbo, ManjtieriUe anti He Souide\.d (Kngiisli ru’ent. 1,171, iSOo) allempled to 
liariuin o.^ttie and carbon for absoibing niliogeii, and .Momt (Tnglisb I’atent, 433, 1S82) woikcd up 
a process in tletaih Ha((’N).. lieing lotmeti best at a teinpei.iturc of 1,400'C). Rcadinaii (English 
i’.itcnl, 6,621, KS94), Using ihb same nvUerials. hut with eleetrual beating, woiketl llie process .it the 
Scottisii Cyanitlc (’»>. woiks iiclweeii iSpp'und l<)07, but although much l•yanuie was produced, 
^ Uie \ciilnrc was not commercially sucLcssful. 

*KraHk ;^nd Caio (I'iiiglish {‘.limit. 1^066, 1805) and Wilson (English Talent, 21,997, 1895^. 
founil that The caifiulcs of the allvahiie e.uths ahsorh nitiogen, and attempts have been made to 
manufacture cy.aniiles fioin tile piodiiet. ^ 
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]‘'inely divided barium carbide, heated at 700“ C. in nitrogen takes up ii percent, of^, 

) per cent, of wiiicli is fixed as barium cyanide, Ua(C)N)o, the rest being present as barium 
mnamide, Ik. I'he nmteiiai is lieateil with dry Na^CO. and C., wlien the cyanamiiie is 

Miverted int nanide, the change being, according to l>re«'hel 

iJaCN.. r NaXOj ~ Na^CN. ! IktCO,. 

Baiiuni Lj.iiunikle, ’ .Sodium i.>.inami,I" 

N.u.t'N, ■; f - 2Nat:N. 

SotJmm ry.ui.mui!e. ^uilium rjamd'-. 

'lie product i.s exliacled \\ith water, the cyanide is coiiveiled into ferrocyanide. fii'fd with sodium, 
nd S6 per cent, of the fixed nitrogen thus converted into saleable sodium Lyanide 1 he pnness 
va-. not coinmetciall) sueeesslui. 


1 -KRROrYANIDES fPRUSSIATI'S) 

Potassium Ferrocyanide, R^Fca’N),; + .UEO, and Sodium Ferrocyanide, 

Ml Fe(CN)-+i^H.O both irvsl,ini'll-' in largo yellow crystals, arc niodorately 
■oiiiblo in cold water, very soluble in hot, and possess the valuable property of not 
oeing [)oi',oiioU',. Tliey aie ooniplotely dehydrated aboie loo C,, and detoiiipose 
It red he.it. forming R('N, and I'e, N escaping. 

Solubility of K,Fe(CNl„ - ux. p.ul, u.xler ,li,s„lvr (l■tlel, ./««. rhy.., i.Soi frl, 

e 54I)) •— 

Tcmpci Iluiv" - - o' -o’ 40' 00' 7 S’ So’ Ss’ 

C.rallo K,I<V(CN).,- 14-5-4i .1'’ -1“ i 

f * 

Solubility of Na,Fe'CNi„-iou,ur..v,.urr dov.Ue i( hnn,. So.. Ch.m. h,J . iS.) 8 , 

17 , lu.i) : ■ 

Tei.Mvx.uu.r' - 4 ,V ;o' 50' ''>■■■ Su' no u.o'C 

(,., 1111 , K,1 dlW),,. - 17.0 4.;,5 29 45 5 4-’.5 5'-5 5')-^ bi >4 

Fc.ronanide', arc ea-.ily produced when solutions of pota'.siurn or sodium 
cyanides .I’-e broyglu into l ont.ict with ferrous liydr.ite or ferrous sulpliuie e- 

(>KCN , f.S - K,I'c(i'Nl„ K>. 


Old Process of Manufacture.- 'l liis is pr.u tirally obsolete, aUliough a 
little feiro. yanide i-, -.till produced theri-lroni. 

f,a., nn„ r„„um,ing l-uJ.. v:r,i|., nf ..niin.il iiulu-r wich .x. U.mls, 

Iwnix lisli, xxnni. ,lr., .ue thi.m,, KPN is thio In,mol Inin the m,.ss .. hlll.gs ..u u u - 

,1m ,-d. which .XI <>n,T imilc XMlhllic oig.mic siilplun present In Imm heh. I Ills non sulphl.k lliell 

unil. . wiih the KCN In fnnii (ennm.inulr. a, espl.imeil nhoxe. , I 

Tlx, m.xs., 1, estraeteil wilh w.iln, llie ferii.L>.innle gmiip niln M.lulmn, .ami Imn^ tm.ilb 
reem TC 1 In (■pxst.illivilioli. The uimhei Ii>|unr^ ,x.c loeil nvei .le-xiii 

Only a poor yield is thus obtained. 'I'lie residue left idler li\iviation is a black 
mass, possessing powerful decolorising properties, U is usx'd for deeoloriMng 
paraffin and ceresin wa.s. In fact, the maiuifactute of the •■animal black rharinal 
is at pre.sent the iii'tiii object ot the industry. 

Modern Vrocess for Ferrocyanide Manufacture from Coal-Gas.- 

Practically all the ferrocyanide of to-day is rx'covered fioui COal-gas. 
coal yield on destructive distillation some 30-40 g. oi hydiocyamc acid gas. _ 
’ill 100 volumes of iinpurified coal-gas there are 0 i 0.: per cent, by volume o 
HCN gii.s. In general, ol the i-a [ler cent. N foi. id ui coal, some 15 per rent. . 
converted into a.l per cent, as IICN. and 4'^ per ceiT leiuaiiis bidiind in the 

coke. The vest of the N esexipes as sucli. 'I he exact amount of HCN 'producc^^ 
depends upon manv factors, such as the moisture in the coal (which acts unfiupur- 
ably), the rapidity and length of lxeating, etc. Rapid heating and a high tempera¬ 
ture Idvours the formation ol IK'N. 
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I'he coal-gas, as it leaves the retorts, contains llic whole of its cyitTK'gen as IICN, which is 
produced by llie action of.inimonia on red-lmt cad«)n :— 

NU, C - IICN IL. 

Now, at a high temperature, steam reacts with IICN, and reconverts it into Nil,.., thus:— 

IICN -i- lU) - NH., -t- CO. 

<Sec ('arpenlei and Linder,y<w//. Sok . Chum . hid.. H)o^, 24, 63.) Consequently, moisture in the 
<•<>.1! (hmmisiies the \iei«i <»* cyanide, and increases that of ammonia. 

Tins is tlie re.i,son why Mond gas and the gas from eohe ovens (wliere much moisture is present) 
aiwa\s contain less IICN than ordinary coal-gas. 

In geniTiil, the gas from ooal-gas plants contains more HCIS titan tlie gas from 
coke ovens; very little HCN occurs in Mond gas. 

('nnsciiucntly the HCN is jirincipally recovered in coal-gas plant, not in coke 
ovi-ns, as it scarcely pays in the latter case. 

'riiere are a great many different methods of treating the gas for cyanide, but 
we may roughly divide them into two main processes; - 

(1) 'I'he old dry process, whereby tlu' gas is simultaneously freed both 

Irom H( 'N and H.,.S by jmssing through a dry mass of spent iron oxide 

(see under Illuminating: Gas in Tilartin’s ‘'Industrial Chemistry; 

Organie "). 

(2) 'I'he Bueb’S wet process, whereby the g,as is scrubbed with a concen¬ 

trated ferrous sulphate solution (see Martin’s “ Industrial Chemistry : 

Organic 

(I ) Dry Process of Prussiate Recovery from Coal-Gas. -'l'lie spent 

oxide, as it comes from the gas works, contains 35-50 per cent, free sulphur, 
10-15 Ps'r cent, cyanide (in the form of Prussian blue), calculated at present as 
(rystallised ferrocyanide, 1-5 per cent, ammonium sulphocyanide, NII^CNS, and 
1-7 per cent, ammonium sulphate, 'i'he substance is valued technically on the 
cyanogen contents. 'I'he mass is usually cxtraeti-d with water, whereby the 
NHjCNS is obtained, together with ammonium sulph,atc. .Sometimes the NM^CNS 
s recovered by fractional crystallisation from the dissolved amnoiiiiim sulphate, 
but where this separation is difficult the solution is simply boiled with lime; the 
ammonia gas is thus driven out and collected as described uiidcr ammonia. The 
solution is filtered from depositing ealeium sulphate, CaSt'^, and it then contains 
the .soluble calciuin sulphocyanide, Ca(CN.S).,. This is treated with ammonium 
sulphate and converted into amnioiiium sulphocyanide, thus : - 
C.gCN’SU I- (Nlidhll, CeSOj 1- 2\lhCN.‘(. 

The Ca.SOj separates out and leaves the sulphoej'anides in solution. Sometimes, 
however, the sulphocyanide is precipitated in the form of the insoluble copper 
suI]»hoeyanide, t'uCNS. . 

The mass remaining after lixiviating with water i,s usually tre.ated by Kiii.heim’s 
])rocess of heating with slaked lime, when all tlie iron cyanide present is transformed 
into the .soluble ealenmi ferrocyanide, ('a,Fe(CN),;. The clear filtered solution of 
ctilcium ferrocyanide is now treated with Kdl, when the difficultly .soluble calcium 
potas.sium, K,,('al''e((lN),., seiiarates in the form of .small crystals. The equivalent 
amount of potassium carbonate, K/'0;|, is added to these, and tlius we get 
formed in.soluble (,'aCO;, and the soluble potassium ferroeyanidC, K4Fe'(CN),.. 
'Pile solution, after filtration, is evaporated, and the potassium ferrocyanide 
recovered by crystallisation. 

The eyanide-free residue,'containing much free sulphur, is sold to sulphuric acid 
manufacturers, who burn the mass (see Sulphuric Acid in this V'olunie), and the 
Sfh, escajiing is used for the manufacture of sulphuric acid. 

Between the years 18S5 and 1S95 the .spent oxide of gas works was the principal 
source of prussiate, but since 1895 more efficient wet methods of recovering 
HCN haivi.been introduced by liueb, and .so the importance of the process has 
diminished. 
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In general, when gas is purified by the old process of ammonia scrubliers and iron oxide purifiers, 
about 33 j)cr cent yf tiie IICN condenses with the ammonia, and (»nly 50-70 per cent, in llie iron 
oxide purifiers, tiie rest of llie lU'N passing away wiili the coal-gas, causing corrosion of tiic gas 
•holders and meters. 

With the more efficient wet processes of cyanogen recovery, whether l>y Bueb’s process (below) 
or by the ^(.hocyanlde process (p. 495), pnn'iical)) idl the HCN is leinored from the coal gav 
, and recovered. 

(2)JBu;b’s Wet Process of Cyanide Recovery from Coal-Gas.—In 

this process the eoal-gas, after leaving the retorts and after the depiisition of tar, is 
passed through a saturated solution of ferrous sulpliate, KeSO, (see English Patent, 
9,075, 1S98). Over 98 per cent, of the HCN gas is removed from the coal-gas 
(more than three times the amount withdrawn by the “dry process”) in the form 
of a sltidge of jirussiate, consisting essentially of the insoluble ammonium ferro- 
cyanide, (NH,)|.l''e(Ke(CN|i)._,), or 2NH,CN-f Fe(CN)._,, togetlier with some soluble 
ammonium ferrocyanide, much ammonium sulphate, some ammonium carbonate, 
and some iron sulphide. 'I'he sludge usually contains 15-20 per cent, cyanogen, 
calculated as being present in the form of crystallised potassium ferrocyanide, 
KjFefCNlii.^HoO. The mud is boiled, whereby the soluble cyanide interacts 
with the h'e.S present, and is con\’erted into the insoluble ferroammonium cyanide, 
2NH,('N.Fe(CN)„. Ne.\t the mass is filter-pressed; the liquid, containing mueft 
ammonium sulphate, is worked up separately for NH.^. 'I'he mass of insoluble 
cj.mide remaining in the press is heated with lime (NH,, again escaping and being 
.collected), whereby the soluble calcium ferrocyanide, (.'ajl''e(('N),;, is formed. This 
is tlien treated with the equivalent amount of sodium carbonate, Na_,('. 0 ,„ whereby 
sadium ferrocyanide, Na,Fe(CN),;, is formed 

CaJo-fCN),, -I- aNape = (’.iClK -i Na,l''e(('N)„. 

The calcium carbonate is filtered off and the clear solution is evajrorated for 
Na,Fo(CN),. 

By Bi'eb^ pr<K-o>'i it i-. jtn^sible in dncitly niannf.uUue sodium fcilocutnldc. Tliis is owing 
tt> the puiitv o( the v.ilcium ft'irocv.initle smlation. In the ensettf the spent oxide process, pre\i'>usl)' 
descubed, it is not praciioal to work the cyanides in the mass directly for sodium ferroc>anifle. 
The .spent OX' * con^uns i many impurities tiiat in jiraclice the insolulile KoCuFeM’>>},• is alwa\ •. 
fust p-'-'pjiue'l m analogous sparingly snlultle sodimii salt, Nao('al'‘e(f'N),,, tioes nut exist), wliich 
IS then -timveHed into by treating with MX);;, 

Potassium Ferricyanide, K., 1 '';))pN)|, or 3RCN.Fe(CN);|, contains ferric- 
iron. It is prepared by o.-Lidising a solution of potassium ferrocyanide, K|Fe(CN),;, 
(qKCN.FelCN).,, by means of chlorine (2K4Fe(CN),;-l-Cl,2K..,Fe(CN),;-f 2KCI), 
or by electrolysis in the presence of some calcium salt, the oxygen coming off at 
the anode serving as the oxidising agent. The sulrstance crystallise.s as deep red 
monoclinic crystals; 100 g. of water dissolve 36 parts of salt at 10“ C., 75.3 at too' C. 

^ I’hc .subst.uncf is used as an onlinai} agent in dyeing. It also finds some application in the pro- 
ducUon of blue print.s of engiiUT-ring and other ilrawliigs. I’apei is couloil with a sfilution of fctric 
ammonium citrate, or oxalate, and is then exposed to light lx neath the tuinsparent drawing. Wlien 
the hglit falls on the surface the feiric iron is reduced to tlie ferrous state. On immersing the print 
in a bohUion of potassium ferrocyanide a deposit of I’russian blue is lot meil on the parts exposed 
to light, the .shaded parts appealing white. 

Prussian Blut (Berlin Blue) is the fine mineral colour containing both 
ferrous and ferric iron united with the, cyanogen radicles. It has been on the market 
since 1700. 'Tt)gether with ultramarine and the coal-tar blues it is still much used 
for the manufacture of paint, for paper and cloth printing, etc. For the latter purpose 
Jt is often produced on the fibre itself by imprinting with potassium ferrocyanide, 
followed by steaming (see Martin’s “ Industrial Chemistry; Organic”). 

I’russian blue is an important colour, since it's fist towards light and acids. 
Towards bases, however, it is not so fasj. 'Hssues dyed with Prussian blue 
gradually los# their colour in sunlight, but regain it in the dark. When heated to 
• 170° C. in air it glows and burns away to a brown residue of iron oxide. , 

Chlorine turns a suspensjon of i’russian L .le in water greenish, b#t the blue 
colour is restored by washing with water. * 
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1‘russian blue is usually regarded as Ferric fcrrocyanidc, Fe'"4(Fe"(CN)5)3, 
or 3Ke(CN)j4Fe(CN)3, or Fe7(CN),^. The dry substance contains water (which 
cannot be driven off without decomposition), corresponding approximately to 
Fe7(CN),3ioHp. 

There is little doubt, however, that the conimereial Prussian blue is really a mixture of several, 
different substances, all possessinf' a blue colour (see Hofmann, Heine, and Ilochllen, Aunaltn.^ 
mo4, 337, 1 : Hofmann nf.d Kesensbeck, 1905, 340, 267 ; 1905, 342, 364, for an exi .nmation 
of the whole .sul>ie,rtl. Among blue bodies which are sometimes present may lie mentioned “ soluble 
Prussianblue,'’2lKI'V''(Fe"(f'N)„n 1 3.sH.,0. Hofmann’sblue, lvI'V"(l''e"(CN)B) + H.p. Stable 
soluble blue, Fe'"K(l''i'"((-'NI,i) h lI.jO ; Wifiiamson's blue or violet, KFe"'(Fe"(CN)8)+ 11 „ 0 . A 
fuil account of these different blues is given in Hofmann's papers above referred to. 

Manufacture, —Several different varieties of Prussian blue are on the market. 
'I'he finest commercial Prussian blue goes under the n.ime Paris blue, and i,s 
made by dissolving 50 kilos of potassium fcrrocyanidc in 250 kilos of water, and 
making simultaneously a solution of 43-45 kilos of ferrous sulphate (green vitriol) 
in 250 kilos of water, best in the jiresence of scrap iron to avoid formation of ferric 
salts. The two solutions are now run simultaneously into a ves.sel containing 
250 kilos of water, and the almost white precipitate whicli forms is allowed to 
•settle and is drained on a cloth filter. 

The paste is now heated to boiling, transferred to a wooden vessel, and 25.5 
kilos of concentrated HNO, (1.23 sp. gr.) mi.xed with 18 kilos of concentrated 
sulphuric acid (1.84 sp. gr.) arc added. This oxidises the paste to a fine blue, 
colour. .After standing twenty-four hours the mixture is suspended in large excess 
of cold water and settled. T’lie m.ass is wa.shed with cold water by decantatisn 
until the hulk is free from sulphuric acid. It is then collected on linen filters, 
pressed to cakes, and dried in air at 39”-4o“ C. Yield, 39-40 kilos. 

Another method is to aciilify llie paste witii hydrorhlorle acul ami pass ehlorinc gas tiuough it, 
until the solution gives a lieep blue colour with potiissium ferrocyanide. 

Still a third method is to oxidise ferrous sulphate with nitric acid and run into the solution 
potassium ferrocyanide s(,>Iution. The deep blue precipitate is collected uml waslu-d until free 
from iion. 

The best qualities of JVussian blue (known as Paris blue) are made as above 
described. liut inferior qualities (known as Mineral blue) are sold in which 
the Pans blue is mixed with starch, gypsum, burnt and finely-ground kaolin, heavy 
.spar, etc. 

T’he mixture is m.ade by adding the white finely-ground material to the Paris 
blue paste, and passing through a colour mill. 

Sulphocyanides or Thiocyanates—Recovery from Coal-Gas.— 

.Sulphocyanides are now obtained solely from coal-gas. At one time synthetic^ 
.sulphocyanides were made, but apparently the manufacture has been abandoned. 

Gas liiiuor, when quite fresh, contains ammonium sulphide, (N 11^)28, and 
ammonium cyanide, NH4GN. When stored, the atmospheric oxygen sets free 
sulphur, which dissolves to form polysulphides, and these then react with the 
cyanide present to form sulphocyanide, thus:— 

(NH.hS.. I- NH4CN = NII4SCN t- (NHdaS. 

By means of this reaction. Wood, Smith, Gidden, Salamon, and Albright 
(English Patent, 13,658, 1901) introduced a successful process of recovering 
practically all the cyanogen (98 per cent.) of coal-gas, which is now worked by the 
British Cyanides Co. Ltd., and by several gasworks. Ityields practically the whole 
of the sulphocyanides now made, 

. The coal-gas coming from the reports is first led through a tar„extractor, and 
•’then through a special scrubber, after which it passes on to the ammonia scrubbei^ 
^*the wo^kg. The water in this special scrubber is rendered ammoniacal by the 
passage of the gas, and sulphur in small'lumps is theri added. 
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As the sulphur is rotated by the scrubber, polysulphides of ammonia are formed, 
which are in tu^n decomposed by the hydr{)cyanic acid, HCN, of the coal-ga 5 , 
with the production of sulphocyanide of ammonia. 

The ammonium sulphocyanide, NH^CNS, is next distilled with lime, and the 
ammonia is expelled and recovered,thus:— 

Ca(OH). + zNH^CNS = Ca(CXS)o -f- 

The caltiuni sulphocyanide, Ca(CNS)2, is next converted intcf sodium or potassium 
sulphocyanide by treating with sodium or potassium carbonate :— 

CMCNSla + Nil,CO.., = CaCOjV 2NaCNS. 

'I’he sodium or potassium sulphocyanide can then be converted either into 
cyanide or into prussiate (ferrocyanide), as described on p, 487. 

In 1909 P. E. Williams, engineer at Poplar, designed a special purifier box, which merely 
contains mctisiened spent oxide—about 50 per cent. S. The box arrests sulphur, in some way 
which IS not yet tjuile clear, and it is claimc<l tliat tlie CS.^ in the gas is also reduced. The .saving 
effected over the former methcKl, using a mechanically diivcn washer fc<l with specially prejared 
sulphur, must be considerable. 

It will 1I1U.S be seen that the recovery of cyanogen from coal-gas is either efi'ecled as ferrocyanide, 
as described on p. 493, or as suIphocyani<lc. The adva?i(a!^e of the fen-oiyanide process is that 
It give.s a product which itself has a fairly wide market, and can be rasily tran-sformed into eilhcis' 
iVu.ssian blue or alkali cyannles. Its dis.aclvantage is that it is almost imjKissible—with llic inten¬ 
tional admission of a small proportion of air to the coal-gas before purification in order to effect 
sonu continuous revivification of tlie oxide, quite impossible -to a\oid the formation of sulpho- 
^vanides during the process of purification. The recovery of this where a ferrocyanide process is 
worked IS usually too costly, and it is generally Inst. The great disad-'antayes oj the su(pho- 
(yanide proctsscs arc the facts that it has not been found practicable to manufacture alkali 
cyanides direct from sulplux'vanide and that the sulphocyanide liquor is very corrosive to wet iron. 

SYNTHETIC SCLTHOCYANIDES FROM CARBON DISULPHIDE 
AND AMMONIA 

At one Ume considerable amnunis of synthetic sulphocj’anidcN were imule and worked for 
cyanides (,r siilphocyanides, as described alnive. At llie present time the jirocc'-.s appt'ar.s to 
have been ahandoniMi, but may later revive, and .so w'e will describe the jiroccss. 

Clehs (Kngl’ h Patent, -,816, i860) manufactured sulphocyanide by agitating a concentrated 
•'olution of anil onia and ammonium sulphide witli carlxin disuljiliidc, CSo, when ammonium 
sulphocK^onate is formed, thus:- • 

(NICIES + cs, = 

The subiiion is next healed to 9o‘’-ioo'' C. with potassium sulpliidc, wlicn potassium sulphocyanide 
IS formed with tic evolution of much sulphuretted hydrogen : — 

2 (NJ 1 ,)XSj + K^S 2KCNS -f 2NH,iIS ( 31108. 

The di; posal of the sulphuretted hydmgcn evolved caused mucli expense, and the jirocess was 
not successful commercially, (jinuburgand Tcherniac (see English Patent.s, 1,148, 1878; 1,359, ^^79 5 
1,261,*1881) improved the process by‘simply heating a 20 per cent. Nib, .solution to 100° in an 
autoclave provided with stirrers, until the ]>rcR.sure of 15 atmospheres was readied, wlien ammonium 
^ulphocy.anidc is ijuanlitatively produced, thus 

* 4NH;, -f CSo = NIL-SCN -t- (NIDoS. 

The process, also, was not commercially successful. In 1894, however, Brock, Kaschen, and 
others (sec Crowlhcr and Rossiter, English Patent, 17,846, 1S93; Bock, Iletherington, llurter, 
and Kaschen, English Patent, 21,451, 1893) modified the |5rocess by lulding lime to the charge, 
thus diminishing the pre.s.,urc in the autoclaves an<l reducing tlie amount of ammonia required, 
the action taking jlacc according to the equation 

sNft, + 2CSj + 2Ca(01I)a = OifSCNts + Ca(SH)a + 411.0. 

Excess of ammonia must be present to prevent formation of sulphocarbonate. At tlie end of 
^hc process this is distilled off, COjj gas is driven through the liquid to expel the sulphuretted 
hydrogen (as in the Claus-Chance treatment of alkali waste), and any precipitated calcium 
carbonate is filtered off. The soluble calcium ‘•ulpliocyanidi. i.s treated with sodium cnrljonate 
and converted into sodium sulphocyanide, thus:— ^ 

• Ca(SCN).i + Ni^COj = CaCOj + 2NaSCN. 

iThe United Alkali Co. worked lhi.s process for .some years, converting the .synthetic sodium 
sulphocyanide into cyanide by Raschen’s process of oxidalu .. by nitric acid, as describ»d^n p. 487, 
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SItCTION LT 

MANUFACTURE 01' 
NITROUS OXIDE 
(Laughing Cas, Nitrogen Monoxide), N,0 

l!v CiKot'KRhY Martin, Ph.D., D.Sr, 

'I'liii usual [irores^ is to heat ammonium nitrate, NHjNOj, in retorts, when it 
decomposes, thus:— 

NIT,NO. - N.O i 211,0. 

The substance liegins to derorniiose at i 70° (h, and the licat must be carefully 
regulated (best by gas firing), otherwise explosions can occur. 

It is imiiortant to use pure ammonium nitrate. If the temperature is too high, 
N, NHj and the very poisonous NO are iiroduccd. The gas must be purified by 
passing through solutions of ferrous sulphate, I'e.SO^, caustic potash, KOH, and 
milk of lime. NO is i-aught hy the feSO^; and is held luck by the KOH 
and lime, which also retains any ('O... 

I kilo NHjNOj gives 1X2 litres N.,(.). 

.See Buskerville .sml .Stephenson [loiirtt. Ind. Eng C/wm., mn, 3 , 579) toi a full aeeuunl of iK 
prepai.ttion and the requisite purity for use as .rn an.estlieti.:. 

XaiXoH {JiHirn. A‘n\i. IViys. Chi'i/i, .Sis., 1903, 35 , 59) mixes the aiiinioMiuin niti.ite null sand, 
and wasiie.s ihe gas wall ferrous .sniphate soluUon, drying it witli an emulsion of feruais 
sulpiiatc in eoncenirated sulphuric acid. 

Smith and lilmore (D.R.I’., 71.279, of 1.S92) heal dry K.VO,; wall i^ry (NH,),,Si),. Tlie 
evohaion of gas begins ,ii 250 ami ends at 300' Tiiilo (C'/irw. '/.fit,, 1894, 18, 532) uses 
NaNOj and iieats to 240" Canipaii {Clifnt, Cftil., iSS8, 1569) heats 5 paps SnCh, 
10 pails lU'l (sp. gi. 1.21), and 0.9 parts liNO, (sli. gt. 1 38), wlien gas is evoUed. 
Ihelet (I'rencli i'.ilcnl. 415,594. of 1910) and Soderniann (Krencii I'atent, 411.7S5. of loioi obtain 
it from an eleetrieully produted nilrogen.u.xygen il.iiiie fjy t.ipai cooling 

Properties.— Oolourless gas with plea.sant odour and sweet ta.ste. Density, 
1.530! (air=i). ] litre weighs 1.(1774 S'- ° ybo mm. Coefticiency 

of cxpan.sion, 0.0037067. 

'I'he liquefied gas has density 1.2257 (H/)- 1), and refractive index i.li;3 at 
16° C. Critical temperature, 35.4“ C.; ciitieal pres.sure, 75 atmospheres. Litpiid 
boils at -SS" ('., and thereby partially solidifies (at 115° C.). Mixed with CSi, 
evaporated in vaiiio, a temperature of - 140° C. is attained. ** 

Burning oxidisable bodies (such as I’, S, etc.) continue to ijurn in the gas as 
in pure oxygen. With II gas it forms an explosive mixture. He,tt of formation, 
21,700 calories. 

Solubility iii water ; — 

I volume w.-iler f 5" C. io° C'. 15° C. 20° C. 

dmolvsi (1.048 O.S778 0.7377 0.6294 0 5443 Mils. 

When breathed, nitrous oxide is a valuable aniesthetic for short ojierations; 
22-26 litres of ga.s are needed to produce insensibility. Trolunged breathing causes 
death. It is advisable to mix o.i per cent, of atmospheric air with the gas; 
the limit is 0.25 per cent. air. Mi.xed with oxygen the breathing of the gas 
produces intoxication. Also uiS;d for making sodium azide. 

Analysis.-' Best by burning with 11 ucctirding to Bunsen’.^ method. Sec \\. ilempel (5., I5» 
9^3 > Joiff'ft. Soi. Chem. Jnd.i, 1882, 200). A. Wagner {Journ. Sih. Cht>ni. InJ.^ 1882, 332) givfe 
a method ^f«eslimatmg the NO in N.^O. Sec albo l^\xwgty/oiim. .Stn. C/u'm. Jnd.^ i88r, 428. 

Transport.— In liquehe<i foim in imn, steSl, or copptT cytindei-s. See K. Hasendever, Chan. 

Ind ., 1893. 373 - 


Pri\h'd at Tm- Dasibs Pkuss, Edtnlntr^lt. 
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ACID-RESISTING STONEWAE 

LARGE TANKS, VESSELS, TAPS, PIPES, AND BRICKS 
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LTD. 

LOUGHBOROUGH 

TelojJrams: **BRICKS, HATHERN STATION” Telephone: 611 LoujJhboro' 


IT DOMINATES THE WORLD 

IT MAINTAINS ANT TEMPERATUkE CONSTANT WITHIN 1 FAN. 

IT MAINTAINS TEMPERATURE CONSTANT OT INTERMITTENT FULL BORE SUPPLT 
IT CUTS OFF SUPPLT FULLT AT TKT REQUIRED TEMPERATURE 
IT IS ON FULL BORE SUPPLT AT A'' TEMPERATURES 

IT IS EXTREMELT SENSITIVE, BECAUSE CONTROL IS BT MERCURT COLUMN THERMOMETER 
IT IS SUITABLE FOR ANT PROCESS OR MANUFACTURE REQUIRINC TEMPERATURE REGULATION 
IT IS MADE FOR ANT TEMPERATURE UP TO GOO FAN. (RANGE VARIABLE) 

IT IS FOR HEATING, BOILING, DTEING. DRTINC, Etc., UNDER ALL CONDITIONS 
IT IS FOR STEAM, AIR. WATER, OR BAS 

CURRENT CONSUMPTION PER HOUR O'OS OF A UNIT 

The ISOTHERMAL 
FULL BORE AUTOMATIC 
TEMPERATURE REGULATOR 

ELECrniC iMEnCURT THERMOMETER) CONTROL 

Seitd for particulars post free 

JAMES BALDWIN & CO., Engineers, KEIGHLEY 
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THE BLEACH 

OE THE PHESEfl^T AND THE* FUTURE 

PERBORIN 

(Registered Trade Mark) 

PURE PERBORATE OF SODA 

10 available Oxygen 


PEHBORIN is a Safe and Harmless 
Bleach for all materials 

PERBORIN gives the Lawn Bleach 
WEATHER OR NO 


PRESCOTT & CO. 

63 Corporation Street 


JVIANCHESTER 
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THE 

‘UNIVERSAL 

KNEADING, MIXING 
AND INCORPOR¬ 
ATING MACHINES 

find universal 
application m the 

CHEMICAL AND ALLIED 
INDUSTRIES 


MiiLhiiiL With Coiintcrbnlam pcI TkiurIi iiiicd for t ttipiiv'nr 

On all classes of materials, from light powders ai\d liquids to such 
heavy substances as rubber, celluloid, crucible clays, electric 
carbons, insulating mass, etc., over 24,000 being now in use 
A PROOF of their efficiency is their extensive employment for explosive 
mixings. 

The “ Universal ” is made in all sizes, from a capacity of a few punccs 
to 12 ions at one charge. 

For special purposes the ' Universal is supplied v.'ith many types ol 
blades, troughs jacketed for heating or cooling, revers¬ 
ing action, cast iron, steel, bronze, wood, or other surfaces, 
and arrangements for working in vacuo. 

Our wide experience in dealing with mixing propositions, which includest 
practically all known processes, is freely placed al the disposal of 
intending purchasers. 

WERNER, PFLEIDERER & PERKINS LTD. 

Westwood Engineering* Works 

PETERBOROUGH 

London Offn-C 

,, Lj Tclc^rAins and Cables; 

Kmgsvs \y nousc ® 

Kingsway. W C. 


‘ARttTOS, PETERBOROUGH 



ADVERTISEMENTS 


EXECTRI^L 9LANT 

FOR CHEMICAL WORKS, Etc. 



V\'c Manufacture in our Works at Charlton 
ELECTRIC CABLES AND WIRES, including Acid-proof Types 
DYNAMOS* AND MOTORS, specially protected 
TRANSFORMERS, including special Types for Furnace Work and other 

applications 

SWITCH GEAR, and special Control Gear 

INSTRUMENTS ARC LAMPS ALL-CHINA 
LIGHTING FITTINGS AND ACCESSORIES 

1 ___ ... . 


Overhead and Underground Transmission Lines supplied and 
installed. Any Plant erected if desired by our skilled engineers 


Ask us for Catalogues and Estimates 

Johnson andPhiiupsI™ 

Chariton. L 0 NDON.S.E. 


TeUh. 

•‘JUHO, 

LONDON" 


• ♦ - 

CA)ntractors to Admiralty, War Post Office, etc. etc 


Established 1875 







'Ai)VERTIREMEirTS ' 

evapojiatorS 

For the concentration of Solutions in 
every brahch of the CheAiical Industry, the 
KESf NER PATENT FILM EVAPORATOR 
is acknowledged far ahead of all other systems 



THE LATEST TYPES OF THE KESTHER EVAPORATOR 

Are specially designed to cope with the really difficult problems:-- 

Production of solutions which solidify on cooling, e.g., Solid Caustic 
Soda at 60 per cent. (Na.,0). 

Continuous separation of Crystals direct in our * Salting Type 
, Evaporator,” 

Multi-Calandria Evaporators which ensure perfectly continuous 
operation whilst permitting of cleaning. 

Special Evaporators Tor Liquors having an Acid Reaction, 
e.g.. Ammonium Nitrate. 

THE KESTJfER EVAPORATOR & ENGINEERING CO. LTD. 

57 ’'.^RLIAMENT STREET, LONDON, S.W. 






















